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, Abstract 

■ Variable Star Network (VSNET) is a global professional-amateur network of researchers in variable stars 

^■f-^ I and related objects, particularly in transient objects, such as cataclysmic variables, black hole binaries, 

. supernovae and gamma-ray bursts. The VSNET has been playing a pioneering role in establishing the field 

of transient object astronomy, by effectively incorporating modern advance in observational astronomy and 
global electronic network, as well as collaborative progress in theoretical astronomy and astronomical com- 
puting. The VSNET is now one of the best-featured global networks in this field of astronomy. We review 
O I on the historical progress, design concept, associated technology, and a wealth of scientific achievements 

powered by the VSNET. 

^ I Key words: accretion, accretion disks — astronomical data bases: miscellaneous — catalogs — 

galaxies: BL Lacertae objects: general — gamma rays: bursts — methods: data analysis — stars: binaries: 
eclipsing — stars: binaries: symbiotic — stars: dwarf novae — stars: emission-line. Be — stars: novae, 
cataclysmic variables — stars: oscillations — stars: pre-main sequence — stars: supernovae — stars: 
^ • variables: other — stars: Wolf-Rayet — surveys — X-rays: bursts 

, 

1. Introduction As can be easily expected from the extreme conditions, 

rr, • J ^, ■ J J J astronomical phenomena under strong gravity or in de- 

1.1. Iransient Ubiect Astronomy , . , , , , , i 

generate conditions have extremely short time-scales, and 

With the progress of modern physics and astronomy, are known to be usually very unpredictable. These as- 
our outlook on the universe is dramatically changing from tronomical phenomena are now generally called "tran- 
the stationary universe to the dynamic, ever changing, sient phenomena" , or referred to as "transient objects" . 
universe. The dynamical phenomena in the universe ap- The concept of transient object astronomy appeared very 
pear as variations at various time-scales ranging from the late in the history of astronomy and now flourishing as 
cosmological evolutionary time scale to less than a milisec- a new modality of astrophysical research.^ This success 
ond. These time-variations are becoming actually observ- greatly owed to the recent great advancement of observ- 
able with the advent of the modern observing equipment ing modalities, information technology and computational 
and technology. Among them, time- variations arising astrophysics. The Variable Star Network (VSNET), the 
from extreme gravity as best exemplified by black holes, objective of this review, is one of the earliest and most suc- 
and from degenerate objects, such as white dwarfs and cessful international groups that led to the modern success 
neutron stars, have been receiving extreme attention from of transient object astronomy. 

various fields of modern science, as the natural laboratory T 7 T '■ 7 T , iroMT^rr- i- ^ u- i, 

' As shown in Appendix 1, the V&JNb 1 is the ear hest group which 

of general relativity and quantum mechanics, which best began using the term transient objects in the present context of 

represent the glorious success of the "century of physics" . astronomical significance. 
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1.2. New Window to Transient Object Astronomy 

In the research history of transient object astronomy, 
there were two major breakthroughs in the early 1990's. 
The one is the development of easy availability of CCDs 
and personal computers, and the other is the advent of 
the internet. These two breakthroughs played a key role 
in establishing transient object astronomy as one of the 
most popular contemporary astronomy topics. 

From the traditional viewpoint, CCDs were usually 
used as a "faint-end" extension of the former photon de- 
tection methods, e.g. photoelectric and photographic ob- 
servations. This naturally led to a pursuit of observing 
fainter stars on long-exposure CCD images (cf. Howell, 
Szkody 1988; Szkody ct al. 1989; HowcU ct al. 1990; 
Howell et al. 1991). 

The founder of the VSNET was one of the first to 
break this tradition, and was virtually the first person who 
systematically turned modern CCD equipment to bright, 
transient objects, such as classical novae and outbursting 
dwarf novae (the best examples being Kato, Hirata 1991; 
Kato 1991b; Kato, Takata 1991, see the later sections 
for their scientific achievements). The traditional time- 
resolved observations of classical novae and outbursting 
dwarf novae were almost restricted to so-called target-of- 
opportunity (TOO) observations. The best traditional ex- 
amples include the 1978 outburst of WZ Sge (Patterson, 
McGraw 1978; Mattel 1980; Patterson et al. 1981), and 
the 1986 outburst of SW UMa (Robinson ct al. 1987). 
This kind of observations was usually severely limited by 
the telescope time allocation, and many important tran- 
sient phenomena (e.g. the 1985 historical long outburst 
of U Gem: Cannizzo et al. 2002) faded away without re- 
ceiving sufficient observational coverage. Traditional pro- 
posals for telescope time were also limited because of the 
transient and unpredictable nature of these phenomena; 
there is no guarantee that there is a suitable transient 
target at the time of allocated observation. For this rea- 
son, systematic observational research in these objects was 
severely restricted to short-period, less unpredictable ob- 
jects, with an enormous effort of world-wide coordination 
(e.g. VW Hyi: Schwarzenberg-Czerny et al. 1985; Pringle 
et al. 1987; YZ Cnc: van Paradijs et al. 1994). 

Timely circulation of alerts on transient objects or phe- 
nomena is also crucially important, particularly for TOO- 
type observation. Before the wide availablity of the in- 
ternet, the typical way of communicating such alerts was 
a phone call from an observer (usually an amateur as- 
tronomer watching variable stars) to a variable star orga- 
nization, which was typically relayed (with some delay) to 
local observers for confirmation. The information, if it was 
recognized as particularly important, was then distributed 
to world-wide observers usually from the Central Bureau 
of Astronomical Telegrams (CBAT) via telegrams, direct 
phone calls, or slow postcards. It usually took, even in 
best day or more before this crucial information 

was relayed to the actual observer undertaking a TOO ob- 
servation. The early stage of transient objects was usually 
missed because of this delay. For example, the detection 



of the 1986 historical outburst of SW UMa was relayed via 
an astronomical telegram only when the object reached a 
historical brightness of V ~9, although the outburst was 
initially reported ~1.5 below the peak brightness. There 
had been very few early stage observations (i.e. within a 
day of the event detection) of transient objects before the 
1990's. 

1.3. Early Public Electronic Communication 

This situation drastically changed with the public avail- 
ability of the internet. In the early times (around 1990- 
1991), there were only sporadic internet communications 
on observations, mainly via personal e-mails and on public 
bulletin board systems. This strategy worked slightly bet- 
ter than in the past, the situation was basically unchanged 
in that most of observers had to rely on occasional com- 
munications or a slow access to news materials. 

From the necessity of publicly and electronically dissem- 
inating urgent astronomical phenomena, there appeared e- 
mail exploders (mailing lists). The Scandinavian varstars 
list and the (mainly) professional novanet by the Arizona 
State University team played an early important role in 
publicly relaying information on transient objects.^ The 
early-time progress of these electronic communications is 
summarized in the vsnet-history list."^ 

The scientific role of wide-availability of these e-mail ex- 
ploders was recognized upon the appearance of SN 1993J 
in M 81 (Ripero et al. 1993; Pease 1993). This su- 
pernova showed an unusual early-time light curve and 
a spectral transition from a type-II to type-lb super- 
nova (Nomoto et al. 1993; Swartz et al. 1993; Filippenko 
et al. 1993a; Podsiadlowski et al. 1993). In communi- 
cating nightly rapid changes and distributing most up-to- 
date observation strategies, the e-mail exploders played 
a more crucial role than ever. Another advantage of e- 
mail exploders as a standardization tool of observations 
became evident (figure 1). Early-time non-standard ob- 
servations were quickly corrected using the updated pho- 
tometric comparison stars, and questionable observations 
were examined real-time to clarify the cause. This led 
to a huge world compilation of SN 1993 J photometry up- 
dates (see figure 2) contributed by a number of volun- 
teers, including the VSNET founder."' This high-quality, 
uniform compilation of real-time observations greatly con- 
tributed to real-time theoretical modeling of this object 
(e.g. Nomoto et al. 1993), spectroscopy (e.g. Baron 
et al. 1993; Taniguchi et al. 1993; Clocchiatti et al. 1995; 
Trammell et al. 1993a) and photometry (e.g. van Dricl 
et al. 1993; Wheeler et al. 1993). We pubhshed our own 
results in Okyudo et al. (1993). We also contributed to 
a number of International Astronomical Union Circulars 
(lAUCs) (Kato, Hanzl 1993; Zimmermann et al. 1993; 
King et al. 1993; Filippenko et al. 1993b; Trammell 

^ Both networks do not exist at present. 

^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-history/ 
maillist.html). 

The final version of the "photometry update" is publicly avail- 
able at (ftp://vsnet.kusastro.kyoto-u.ac.jp/pub/vsnet/SNe/ 
snl993j / sn.mag) 
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Fig. 1. Circulated electronic chart of SN 1993 J (issued on 1993 April 13) showing V-band comparison stars for standardization. 



at al. 1993b; Hu et al. 1993). The complete history of 
this SN 1993J story can be also seen in the vsnet-history 
archive. 

1.4- Opening of the Electronic Era of Transient Object 
Astronomy 

Upon the recognition of the importance of e-mail ex- 
ploders on the occasion of SN 1993J, more systematic ef- 
forts were taken to standardize the communication and 
data reporting method. In relation to reporting obser- 
vations, we started widely disseminating observations of 
regular variable star observations, mainly submitted to 
the Variable Star Observers League in Japan (VSOLJ),^ 
and those personally reported to us. People started rec- 
ognizing the scientific importance of widely disseminat- 
ing regular observations, which can be readily reflected 
on scheduling new observations. New findings based on 
widely reported observations (e.g. superhump detection of 
a dwarf nova) were also relayed real-time, which worked 
as a positive feedback to original observers. The proto- 
type of VSNET-type e-mail exploders was thus estab- 
lished in 1993. The next major astronomical event at 
this stage of the history was the discovery of Nova Gas 
1993 (V705 Gas). This nova showed considerable degree 
of early-time fluctuations, as well as a later dust-forming 
episode. During all of the stages of evolution of the nova 
explosion, the data circulating strategy established at the 

^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/VSOLJ/vsolj. html) 
and see (http://vsolj.cetus-net.org/) for the VSOLJ Variable 
Star Bulletin page. 



time of SN 1993J played an impressive role: the compre- 
hensive compilation of V705 Gas by Yasuto Takenaka (see 
figure 3) was cited in a Nature paper (Shore et al. 1994) 
as best authenticated optical record of this nova. The 
nova was later even symbolically called an electronic nova 
(Pepin 1995), representing the opening of new electronic 
era of transient object astronomy. 

1.5. Establishment of VSNET 

The information of these transient objects and regular 
variable star observations was initially relayed manually, 
or relayed on existing less specified e-mail exploder sys- 
tems. In 1994, our own e-mail exploder system (VSNET) 
started working. This service smoothly took over the past 
manual e-mail announcement systems, and immediately 
received wide attention both from amateur and profes- 
sional communities. The establishment of the VSNET 
thus became the "prototype" of world-wide amateur- 
professional collaborations based on public e-mail commu- 
nication. This initiative later led to a flourishing VSNET 
GoUaboration (section 4) . The early history was reviewed 
by D. Nogami et al. (1997) in "Electronic Publishing, 
Now and the Future", Joint Discussion 12 of the 23rd 
lAU General Assembly. Gonsidering the historical signifi- 
cance in the advent of transient object astronomy and the 
current unavailability of this document in a solid publica- 
tion, we reproduce the presented contents in Appendix 1 
(in order to preserve the original contents, we only cor- 
rected minor typographical errors). The VSNET mailing 
list system now has more than 1300 subscribers from more 
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Fig. 2. Light curve of SN 1993J, drawn from the "SN 1993J photometry update" (see text). The Large and small dots represent 
(nearly) V-band and visual observations. 
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Fig. 3. Light curve of V705 Cas (Nova Cas 1993), covering the rise and the "great fade", and rebrightening phases, drawn from 
the observations circulated through the early development of the VSNET. The dots and open circles represent visual and photo- 
graphic/CCD observations, respectively. 



than 50 countries all over the world. 

2. VSNET as a Modern-Day "Electronic 
Variable Star Organization" 

2.1. Historical Development of the Electronic Reporting 
System 

During the very initial stage of the development of the 
VSNET, we simply relayed observations to those who (po- 
tentially) need the data. However, it soon became evident, 
from the experiences with SN 1993J and V705 Cas (sub- 
section 1.3), that there is a need for a newly designed 
reporting system adapted for electronic data exchanges. 
Since we already had sufficient experience with relaying 
VSOLJ reports to the world-wide variable star observers, 
it was a natural solution to extend the VSOLJ format to 
an international version. This changes were minimal, by 
introducing Universal Time (UT)-based system and the 
extension of coding system of observers. The details of 



the reporting system is described in Appendix 2. 

By globally collecting data, we soon recognized the ne- 
cessity for setting up a dedicated e-mail list for reporting 
observations, vsnet-obs.^ The alert list vsnet-alerf was 
prepared at the same time, which has been one of the 
most renowned and reliable sources of noteworthy phe- 
nomena of variable stars and transient objects, and the 
messages in vsnet- alert have been frequently cited in the 
professional literature as the primary source of informa- 
tion (e.g. Downes et al. 1997; Downes et al. 2001; Ritter, 
Kolb 1998; Ritter, Kolb 2003; Kube et al. 2003). 

^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-obs/ 

maillist.html). Because of the large number of articles, the 
online archive is subdivided; see (http://www.kusastro.kyoto- 
u. ac.jp/vsnet/Mail/index. html). for the complete message 
archive. 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-alert/ 
maillist.html). 
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2.2. Standardization 

The VSNET played an important role in standardiza- 
tion of variable star observing. There are several steps in 
standardization: (1) standardization of reporting format 
(sec subsection 2.1), (2) standardization of comparison 
stars, and other minor steps. In standardizing compar- 
ison stars, the VSNET group also took an initiative in the 
history of transient object astronomy. The earliest ex- 
ample includes SN 1993J and classical novae, for which 
reliable CCD-based (or sometimes photoelectric) com- 
parison star sequences were determined and distributed 
through the VSNET lists. Before this standardizating ef- 
forts were taken, the nova researchers had to cope with 
often unreliable early reports in lAUCs, which were often 
based on various sources of comparison stars with noto- 
riously diverse photometric quality. With the advent of 
the VSNET, the modern-day nova observations have now 
become as reliable as those of other variable stars with 
well-established comparison star sequences. The VSNET 
group has been paying attention to the quality of the orig- 
inal discovery reports, and have issued several magnitude 
updates superseding the lAUC announcements. The same 
effort has been taken for supernova photometry, although 
the faintness and the large number of the target objects 
have made it a more difficult task than in classical novae. 

In observation of (non-transient) ordinary variable 
stars, the VSNET took the initiative to standardize the 
comparison star magnitudes to the modern V system, 
from various old systems including the traditional Harvard 
visual photometric system. The effort was initially taken 
to revise the faint-end magnitudes for cataclysmic vari- 
ables (CVs) and peculiar variables using the CCD camera 
at Ouda Station, Kyoto University (Ohtani et al. 1992). 
These results were continuously released as "VSNET 
charts" through the VSNET lists (see figure 4). Several 
independent contributed efforts, by Rafael Barbera (Grup 
d'Estudis Astronomies)^, and Eraser Farrell (Astronomy 
Society of South Australia),^ as well as those by the 
VSNET administrator team, were made to write soft- 
ware packages to graphically display this VSNET chart 
format. Brian Skiff has been continuously contributing to 
the VSNET in photoclectrically standardizing sequences 
for selected variable stars; this initiative was globally 
taken over with the CCD works, notably by Arne Henden 
and Bruce Sumner. These standardized sequences and 
charts have own lists v suet- sequence and vsnet-chart.^^ 

For the bright end, we were the group to first extensively 
use Hipparcos and Tycho magnitudes at the earliest epoch 
(1997) of the public release of these catalogs. We immedi- 
ately made public variable star charts based on Hipparcos 
and Tycho magnitudes. Since then, this adoption of 

* (http://www.astrogea.org/). 
^ (http://www.assa.org.au/). 

(ftp: / /ftp. nofs.navy.mil/pub/outgoiiig/aah/scqucncc/sumncr/). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 

vsnct-scqucncc/maillist.html) and (http://www.kusastro.kyoto- 

u. ac. j p/ vsnet/Mail / vsnct-chart /maillist . html) . 

(ftp: / /vsnct. kusastro.kyoto-u.ac.jp/pub/vsnct/charts/HIPTYC/) 



the standard F-band system (selected for B — V colors) 
for visual photometry has been gradually becoming the 
global standard. Since the public release of Tycho-2 cat- 
alogue, this standard was extended to a slightly fainter 
magnitude. ^'^ 

For poorly observed faint objects, we also took an ini- 
tiative (vsnet-chat 700, in 1998)" to calibrate USNO cat- 
alog magnitudes since the early release of the USNO Al.G 
catalog (Monet et al. 1998a). This calibration has been 
widely used, when an alternative sequence is not readily 
available. 

2.3. Collaboration with the VSOL.J 

From the very beginning of its history, the VSNET has 
been in continuous collaboration with the VSOLJ. The 
activity includes hosting the VSOLJ alert and discussion 
mailing lists, distributing the VSOLJ reports and pre- 
diction of variable stars, and hosting the public VSOLJ 
database and light curves (see subsection 3.2). A part 
of standardization schemes (subsection 2.2) has been de- 
veloped in collaboration with the VSOLJ administrator 
group (see also Appendix 2) and through a discussion 
with world-wide variable star leaders at the International 
VSOLJ Meeting hcid in conjunction with the 23rd lAU 
General Assembly. 

The other pioneering aspect of the VSNET-VSOLJ 
collaboration was the introduction of CCDs for CV 
photometry. This work was mainly done in col- 
laboration with Makoto lida, who took the world 
initiative to monitor faint CVs with a commercial 
CCD. This collaboration led to fruitful scientific re- 
sults (NY Ser: lida et al. 1995b; DV Dra: lida 
ct al. 1995a; BC UMa, see (http://www.kusastro.kyoto- 
u.ac.jp/vsnct/DNe/bcuma.html}). These successful re- 
sults were demonstrated in a number of international con- 
ferences, including the Padova CV Conference in 1995 and 
the Keele CV Conference in 1997, and the results became 
gradually digested by the professional community. This 
pioneering amateur-professional collaboration in transient 
objects and CVs finally led to the most successful VSNET 
Collaboration (section 4), and the strategy was taken 
over, albeit with a lesser degree of the original "fiavor" 
of amateur-professional relations and publicity policy, by 
a number of following world-wide groups with the similar 
strategies. 

2.4. Collaboration with the Southern Hemisphere 
Observers 

Since the VSNET service initially started with the co- 
ordinating role among mostly northern hemisphere ob- 
servers, there were initially few reports from the southern 
observers. With the outstanding activity of the VSNET, 
there arose a number of requests from professional as- 
tronomers who were planning for TOO observations of 
southern dwarf novae. This situation has been gradu- 

^■^ (ftp:/ /vsnet. kusastro.kyoto-u.ac.jp/pub/vsnct/charts/ 
Tycho-2/) 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/vsnct-chat/ 
msg00700.html) 
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Fig. 4. Example of VSNET chart issued in 1996. The object is GM Sgr (currently renamed as V4641 Sgr; note that this chart 
provided the corrected identification against the previous publication). The availablity of a chart with the correctly identified object 
enabled the discovery of the giant outburst in 1999 (see subsection 6.4.1). 
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ally and progressively improved by increasing contribu- 
tions from the southern observers, particularly by the 
members of Royal Astronomical Society of New Zealand 
(RASNZ).^^ By now, these contributions, notably by Rod 
Stubbings, have enabled a number of rare outburst detec- 
tions and early circulation of these phenomena. Together 
with the collaboration with southern CCD observers, the 
scientific achievements of transient object astronomy in 
the southern hemisphere is explosively growing (e.g. mi- 
croquasar V4641 Sgr: Stubbings, Pearce 1999; Uemura 
et al. 2002d; Uemura ct al. 2002h, southern SU UMa-type 
dwarf novae: Kato et al. 2003h; Kato ct al. 2003b; Kato 
et al. 2003d), which will be reviewed in later sections. 

Most recently, we started collaborating with the Nagoya 
University team for identifying X-ray transients (see 
subsection 6.4) with the Simultaneous-3color InfraRed 
Imager for Unbiased Survey (SIRIUS) camera installed 
at the Infrared Survey Facility (IRSF)!^ situated at the 
South African Astronomical Observatory, Southcrland, 
South Africa. Several scientific achievements have al- 
ready been issued (Kato et al. 2003a; Baba et al. 2003a; 
Nagata et al. 2003). A work on V359 Cen in collabora- 
tion with the Microlensing Observations in Astrophysics 
(MOA) project^^ team has been also published (Kato 
et al. 2002k). 

3. World-Wide Web and Anonymous FTP 
Service 

3.1. Historical Development 

From the very beginning of the VSNET, all messages 
posted to VSNET public mailing lists are opened to the 
public. A message can be relayed (unless the sender other- 
wise specifies the usage) to third-party members, or can be 
posted to a different mailing list or a public news service. 
In the earliest times, these messages were archived (they 
were sometimes made public) at individual receivers. 

From the necessity of publicly providing standardized 
charts and related materials (see subsection 2.2), we ini- 
tially used private anonymous ftp service operated at the 
Department of Astronomy, Kyoto University. This was 
replaced by the official VSNET anonymous ftp service 
in 1995 July. Contributed programs, notably VSNCHT 
written by Rafael Barbera, to graphically display VSNET- 
format charts were made public from the start of the ser- 
vice. Magnitude summaries of selected objects such as 
new novae, our own and contributed CCD images of out- 
bursting dwarf novae were soon made available through 
the anonymous ftp service. 

We set up the official VSNET World-Wide Web 
(WWW) service^* in 1995 June. The web pages have 
been continuously updated, particularly in announcing 
newly discovered transient object phenomena. Even dur- 
ing these updates, we have paid all our efforts to preserve 
the original URLs for future reference; almost all pages 

(http://www.rasnz.org.nz/). 
^® (http:/ /www.saao.ac.za/facilities/irsf/irsf.html). 
(http:/ /moa.scitec.auckland.ac.nz/). 
(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/). 



that existed in the past can be tracked with the original 
URLs even now. The other design of the VSNET WWW 
system was in the combined usage of the WWW and ftp 
services. In the earliest times, not all internet users were 
able to use window-based browsers. We have thus set up 
two ways (WWW and anonymous ftp) of access to the 
desired data. With this feature, a user is able to get nec- 
essary images or programs even without a browser or a 
fast internet connection. This feature became, however, 
less important with the wide availablity of the window- 
based browsers. The ftp service soon included a complete 
archive of the VSNET mailing list messages. 

In 1997 April, we started public WWW service of all 
archival messages posted to the VSNET lists. The WWW 
archive is automatically updated by using the MHonArc 
system. We once implemented the Namazu-based^'' full- 
text search engine on the VSNET WWW service, but this 
was discontinued because publicly available search engines 
now have equivalent functions. 

3.2. Public Light Curve Archive 

With the development of the VSNET WWW service, 
we started public light curve archive service in 1996 
August. These light curves arc drawn and regularly 
updated from vsnet-obs reports, which were incorporated 
into the VSNET database (Appendix 2). At present, the 
regular updates of these (static) light curves archive are 
performed by a Java"'"'^-based light curve generator engine 
wrapping the Linux-based VSNET database system. 

The VSNET light curve archive also hosts light 
curves drawn from the VSOLJ and Association Frangaise 
des Observateurs d'Etoiles Variables (AFOEV)^^ pub- 
lic database, by courtesy of the respective organizations. 
These light curves can be easily reached from the VSNET 
top page, as well as from the AFOEV website. 

We also implemented individual variable star pages^^ 
generated from the GCVS electronic edition. These pages 
provide handy hnks to the hght curves (VSNET, VSOLJ, 
AFOEV) and links to the relevant pages and charts on 
the VSNET. 

3.3. Data Search Engine and Light Curve Generator 

Soon after the establishment of the data reporting sys- 
tem, we also implemented a Common Gateway Interface 
(CGI)-based data search engine in 1996 June.^"' This ser- 
vice returns the observations of a specified variable star 
selected from the VSNET public database, which is co- 
herently updated from the regular variable star reports to 
the VSNET. This type of interactive variable star data 
browser was the first one in the world, and became a pro- 

(http://www.mhonarc.org/). 

The Namazu full-text WWW-based search engine was devel- 
oped by one of the VSNET administrators, Hajime Baba. 
This is one of the best used systems among search en- 
gines for non-commercial, personal or academic uses. See 
(http://www.namazu.org/) for the Namazu project. 
'^^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/LCs/indcx. html), 
(http:/ /cdswcb. u-strasbg.fr/afoev/). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/gcvs/indcx. html), 
(http: / /www. kusastro.kyoto-u.ac.jp/vsnct/etc/searchobs. html). 
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totype of the subsequent similar services. This interactive 
data search engine has been widely used and frequently re- 
ferred in the professional literature. A number of WWW 
services, including the well-known "Latest Supcrnovae" 
page^^ by David Bishop, provides links to most up-to-date 
compilations of variable star reports by directly referring 
to the VSNET data search engine. This WWW-based 
data search engine provides the modern-day extension of 
the early-time magnitude summaries (subsection 1.4). 

In 1998 March, this VSNET data search engine further- 
more started providing a Java"''^ applet-based interactive 
light curve interface, with which a user can freely browse 
the data (both VSNET and VSOLJ observations) with a 
graphical user interface (GUI). This was one of the earliest 
Java"^^ applications in public astronomical service. 

4. VSNET Collaboration 

4-1. VSNET as World Center of Time-Series 
Observations of CVs 

As described in section 2.3, the VSNET played a pi- 
oneering and essential role in establishing a new modal- 
ity of internet-based amateur-professional collaboration. 
This direction was one of the main aims of the VSNET 
from the very start of its internet presence. 

Among various kinds of variable stars, CVs are the 
"canonical" class of transient objects, as briefly reviewed 
in subsection 1.2. With the common interest in CVs and 
related systems, the VSNET amateur-professional collab- 
oration originally mainly focused on CVs, especially on 
unpredictable outbursts of dwarf novae. The actual col- 
laborative studies were done on the existing VSNET list, 
most frequently on vsnet-alert and vsnet-obs. In most 
cases, real-time reports of visual detections of outbursts in 
dwarf novae, usually after some verification process involv- 
ing the VSNET administrator team, triggered the actual 
observing campaigns. This process was usually performed 
within several hours and a day of the detection. This 
prompt reaction to event triggers of transient objects later 
enabled an efficient reaction to gamma-ray burst (GRB) 
triggers (section 6.15). The unique feature of the VSNET 
campaigns on transient objects is that they are a collabo- 
rative effort between visual observers and CCD observers. 
The VSNET is historically the first organization that re- 
alized the high productivity involving traditional visual 
variable star observations, although this importance in 
transient object astronomy had long been stressed and 
had been a dream among researchers. 

The early-time successful cooperative works include: re- 
current nova V3890 Sgr (Kato et al. 1990, phone call), 
detection of super humps in AQ Eri (Kato 1991a, phone 
call and e-mail), detection of superhumps in V1251 Cyg 
(Kato 1991b; Kato 1995a, phone call and e-mail), WX 
Cet in 1991 (Kato 1995f independent detection and e- 
mail), EF Peg (Kato, Takata 1991; Kato 2002c, phone call 
and e-mail), HV Vir in 1992 (Kato et al. 20011, e-mail), 

(http;/ /www. rochesterastronomy.org/snimagcs/). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/ctc/drawobs. html). 



SW UMa in 1992 (Kato et al. 1992a, phone call). Since 
then, most information is relayed by e-mail and e-mail ex- 
ploder systems (most of the works were conducted upon 
response to real-time outburst detection alerts reported 
through the VSNET): V344 Lyr (Kato 1993), HY Lup = 
Nova Lup 1993 (Kato et al. 1993b), AK Cnc (Kato 1994; 
Mennickent et al. 1996), T Leo (Kunjaya et al. 1994), KV 
And (Kato et al. 1994), AY Lyr (Nogami et al. 1994), 
CY UMa (Kato 1995b), KV And in 1994 (Kato 1995c), 
FO And (Kato 1995d), TT Boo (Kato 1995e), discov- 
ery of ER UMa (Kato, Kunjaya 1995), which will be de- 
scribed in subsection 6.1, PU Per (Kato, Nogami 1995), 
HS Vir (Kato et al. 1995d), GO Com (Kato et al. 1995c), 
DH Aql (Nogami, Kato 1995b), VI 159 Ori (Nogami 
et al. 1995a), HV Aur (Nogami et al. 1995b), V725 Aql 
(Nogami et al. 1995d, own detection), RZ LMi (Nogami 
et al. 1995c), V1028 Cyg in 1995 (Baba et al. 2000). 
This continuous stream of scientific reports based on 
the VSNET amateur-professional cooperations brought a 
great impact on the community (Liller 1996). 

During this early-epoch collaborative works through 
the VSNET, several noteworthy rare (typically once in a 
decade to several decades) phenomena occurred and were 
studied in unprecedented detail through the VSNET: AL 
Com in 1995 (Mattel et al. 1995; Nogami, Kato 1995a: 
the outburst was detected by an AAVSO member, soon 
relayed to the VSNET, which enabled the detection of 
"early superhumps" , which are observed only for sev- 
eral nights after the start of the outburst. See Kato 
et al. 1996b; Nogami et al. 1997a for our summaries of this 
event). This information on the VSNET further enabled 
extensive follow-up studies by different groups (Patterson 
et al. 1995a; Patterson et al. 1996; Pych, Olcch 1995a; 
Pych, Olcch 1995b; HoweU et al. 1996; Szkody et al. 1996). 

The 1996-1997 outburst of EG Cnc (Schmeer et al. 
1996) was a great surprise. This outburst was detected 
by Patrick Schmeer, a VSNET member, and immedi- 
ately relayed through the VSNET alert system. Together 
with the early detection of early superhumps (Matsumoto, 
Schmeer 1996; Matsumoto et al. 1998), the object showed 
an unexpected sequence of post-supcroutburst rcbright- 
enings (Kato et al. 1997). This unexpected phenomenon 
was discovered by ourselves and the collaborative efforts 
through the VSNET. This detection of the spectacular 
rebrightening phenomenon, which most clearly illustrated 
the power of real-time information exchange, also led to 
a number of observational and theoretical papers (Osaki 
et al. 1997; Osaki et al. 2001; Patterson et al. 1998; Szkody 
et al. 2000; Szkody et al. 2002a). This impressive phe- 
nomenon exhibited to the public, through the VSNET, 

The full details of the phenomenon, made public in the Keele 
CV Conference in 1996 (Kato et al. 1996c), can be seen at 
(http: / /www. kusastro.kyoto-u.ac.jp/vsnet/DNe/alcoml. html). 
The star was nominated as the "star of the year" in this 
conference. 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/DNe/egenc. html). 
It was our greatest pleasure that a number of speakers in 
the Wyoming CV Conference in 1997 presented this VSNET 
webpage as representing the most unusual activity of a dwarf 
nova. 
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the "real-time science" in the making. 

The 1999 outburst of the recurrent nova U Sco (Schmeer 
et al. 1999; figure 5) again illustrated the ability of 
the international alert network system provided by the 
VSNET.^^ The outburst detection was made by Patrick 
Schmeer, and the alert was immediately disseminated 
through the VSNET. With this quick notification, a 
very stringent upper limit became immediately available, 
which was obtained only less than four hours before the 
outburst detection. The early news enabled an American 
observer to catch the real optical maximum (mv = 7.6), 
which was more than one magnitude brighter than had 
been supposed for this recurrent nova. It is very likely the 
delays in delivering information were partly responsible 
for the underestimate of the maximum magnitudes in past 
outbursts. Almost all important findings near the max- 
imum light (within one day of detection) were obtained 
before the relevant lAUC was issued. The VSNET collab- 
orative study on this outburst additionally led to the first- 
ever detection of eclipses during the outburst (Matsumoto 
et al. 2003b; Hachisu ct al. 2000a; Hachisu et al. 2000b). 
This outburst again produced a rich scientific outcome 
from various researchers (Kahabka et al. 1999; Lepine 
et al. 1999; Munari ct al. 1999; Kiyota 1999; Ikeda 
et al. 2000; Anupama, Dcwangan 2000; Evans et al. 2001; 
lijima 2002): when compared to the results from previous 
outbursts (1979: Barlow et al. 1981; Warner 1979, 1987: 
Rosino, lijima 1988; Sekiguchi et al. 1988), the 1999 result 
could be even referred to as the "victory in the electronic 
era" of transient object astronomy. 

After experiences with these, and other spectacular 
transient phenomena (which will be reviewed in section 6), 
we set up new lists {vsnet-campaigv?^ and other sublists), 
which primarily deal with campaigns on selected targets. 
With the establishment of these dedicated lists, we started 
referring to our amateur-professional world-wide collab- 
oration group as VSNET Collaboration. This (not too 
tightly bound) group has become harboring subsequent in- 
tensive studies undertaken in the VSNET. Figure 6 shows 
the global distribution of contributors. 

4.2. VSNET Campaign Lists and Summaries 

The VSNET campaign list and sublists were thus pro- 
gressively established since 2000, encapsulating a wide 
range of transient astronomical phenomena. The VSNET 
campaign lists are subdivided into categories based on 
object classes (e.g. vsnet- campaign- dn for dwarf novae, 
vsnet- campaign- xray for X-ray binaries). Most recently, 
following the discovery of very unusual objects or phe- 
nomena of public interest, we sometimes set up a sepa- 
rate list focused on single objects (e.g. vsnet- campaign- 
v4641sg'i^^ for the microquasar V4641 Sgr (subsection 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Novao/usco. html), 
(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 
vsnet-campaign / maillist.html) . 
(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 
vsnet-campaign- v4641sgr/maillist. html). 



6.4), vsnet-campaign-v838mon^^ for the most unusual stel- 
lar explosion (V838 Mon) with an astounding light echo, 
vsnet-campaign-sn2002ap^^ for the nearest hypernova SN 
2002ap (see subsection 6.5). These new features enabled 
interested theoreticians to share real-time information of 
these most unusual objects. The number of VSNET cam- 
paign individual lists is 36 (2003 August). 

Summaries of the activities of the VSNET 
Collaboration have been compiled by Makoto Uemura 
and issued on a weekly basis (VSNET campaign news)."^^ 
This information has been summarized as a yearly 
review of the activity of the VSNET Collaboration.'^^ 
These VSNET campaign news and summaries comprise 
an important (authorized) part of the nearly real-time 
contribution from the VSNET to the other organizations 
(section 4.3), and are sometimes cited in themselves as a 
convenient record of the activities of particular objects. 

Nowadays the VSNET campaigns are more or less con- 
tinuously undertaken. In order to inform the current tar- 
gets of interest, we have recently set up a notification list 
vsnet- campaign-target to campaign contributors. 

4-3. Contribution to Other World-Wide Alert Systems 

From the very start of the AstroAlert system"^^ main- 
tained by the Sky Pubfishing Co., the VSNET has been 
nominated as one of the authorized information providers. 
We now regularly contribute "News from VSNET" to this 
alert system, primarily notifying the transient astronom- 
ical phenomena of current interest. We also occasionally 
issue alerts on particularly urgent phenomena and nova 
discoveries. The news have been relayed to the AAVSO, 
the astro-l mailing list, and are widely distributed as the 
primary source of information on transient astronomical 
phenomena. 

5. Variable Star Related Activities 

In addition to main scientific achievements (section 6), 
the VSNET group has been engaged in various activities 
in the field of variable stars and variable star-related mat- 
ters. Here we show our representative activities. 

5.1. Variable Star Identifications 

The VSNET group has been historically engaged in 
providing updated information to the General Catalogues 
of Variable Stars (GCVS: Kholopov et al. 1985a; Samus 
et al. 2000; Samus' et al. 2002; Samus' et al. 2003; 
Kazarovets et al. 1998) team,'^^ and provided a large 
amount of variable star identifications and suggestions, 
mainly based on examination of the historical literature 
with the modern technology. The present most relevant 

•^^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 

vsnet-campaign- v838mon / maillist . html) . 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 

vsnet-campaign-sn2002ap / maillist . html) . 
''^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 

vsnet-campaign- news/maillist. html) . 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Summary/). 

(http: / / skyandtelescope.com/observing/ proamcoUab/astroalert/) . 
^"^ (http:/ /www. sai.msu.su/groups/cluster/gcvs/gcvs/). 
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Fig. 5. Light curve of the 1999 outburst of the recurrent nova U Sco from VSNET observations. 
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Fig. 6. Global distribution of observers of VSNET Collaboration. The large and small "burst" marks represent regular and occa- 
sional participants to CCD photometric campaigns. The number of filled squares relative numbers of represent (primarily) visual or 
photographic observations from various regions of the earth. 



lists are vsnet-id and vsnet-gcvs^^ , which deal with vari- 
able star identifications and the GCVS revision project, 
respectively. The identifications reported to vsnet-id are 
also relayed to the SIMBAD'^^ office. There is a se- 
ries of solid papers on systematic variable star identifica- 
tions (Kato 1999b; Kato 1999c; Kato 1999d; Kato 1999g; 
Kato 1999h; Kato 19991; Kato 1999j; Kato 1999k; 
Kato 20Glj). There have also been collaborations with the 
Multitudinous Image-based Sky-survey and Accumulative 
Observations (MISAO) project,'**' which used their own 
CCD images to identify variable objects near the cata- 



(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-id/ 
maillist.html) and (http://www.kusastro.kyoto-u.ac.jp/vsnet/ 
Mail/ vsnet-gcvs /maillist . html) . 
(http:/ /simbad.u-strasbg.fr/Simbad) 
'^^ (http:/ /www. aerith.net/misao/). 



loged positions (Yoshida et al. 1999a; Yoshida et al. 200Gb; 
Yoshida et al. 2000c; Yoshida et al. 2000a; Yoshida 
et al. 1999b). These collaborative works were conducted 
also in collaboration with the VSOLJ. 

In identifying variable stars, our own chart-plotting sys- 
tem (Appendix 4) has played an important role. 

5.2. New Variable Stars 

The VSNET has been providing the role of a world cen- 
ter of reporting newly discovered variable stars. There 
is a dedicated mailing list vsnet-newvar.'^^ The reported 
new variable stars are usually checked by the VSNET ad- 
ministrator group for identification with other astronom- 
ical sources (e.g. X-ray sources, infrared sources, and 

"^^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 
vsnet-newvar / maillist.html) . 
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emission-line stars). These identification processes are 
also conducted on the public mailing list. These reports 
on new variable stars on vsnet-newvar arc now regarded as 
the primary source of original information by the GCVS 
team (e.g. Kazarovets et al. 2000; Kazarovets et al. 2001; 
Kazarovets et al. 2003). 

A preliminary list (newvar.cat) of newly reported, or 
objects with some peculiarity (which can be candidate 
variable stars) has been updated, and made public^^ as a 
reference for those who are looking for new variable stars 
and variable star identifications. Examination of the prop- 
erties of poorly known variable stars are also our regular 
works (many results have been reported through vsnet- 
gcvs lists, as well as through some solid publications such 
as Kato 2003d; Kato 2003e; Kato 2003f, which were based 
on the ASAS-3 public data; see subsection 5.3). 

5.3. Confirmation of Novae 

Confirmation of reported nova candidates is another 
regular work conducted by the VSNET administrator 
team, as well as scientific work in novae (subsection 6.2). 
This work takes advantage of the established VSNET soft- 
ware and catalog systems in variable star identifications 
(subsection 5.1) and in confirming new variable stars (sub- 
section 5.2). The VSNET system in screening and con- 
firming newly reported nova candidates is one of the most 
reliable and efficient among all the existing nova confir- 
mation systems. In particular, the VSNET team has 
even succeeded in recognizing novae from otherwise dis- 
missed new variable star reports (e.g. V1548 Aql: Uemura 
et al. 2001e; Kato, Takamizawa 2001). The recent discov- 
ery of V463 Set (Haseda 2000; Uemura et al. 2000g; Kato 
et al. 20021) is another example of the reliability of the 
VSNET nova identification system."''' The reverse case in 
that the VSNET played an important role in disqualify- 
ing a suspected nova. The most recent example was with 
V4006 Sgr, which was originally reported as a probable 
nova in lAUC (Nakano et al. 2003a). This object was 
soon identified with a known variable star through the 
public discussion in the VSNET. "''^ The initial discovery 
announcement was subsequently readily corrected within 
a day of the original announcement (Green 2003). 

Most recently, we refer to the public photometric real- 
time database provided by the ASAS-3 team (Pojmanski 
2002)"^^ for confirming southern nova suspects. The most 
recent successful example includes V2573 Oph = Nova 
Oph 2003 (Takao et al. 2003). This application of ASAS-3 
public data is also true for confirming new variable stars 
(e.g. V2552 Oph = Had V98: Kato, Haseda 2003) and 
better characterizing already known variable stars (e.g. 
Kato, Stubbings 2003). The individual variable star pages 
on VSNET website provides convenient links to the ASAS- 
3 pages (see subsection 3.2). 

Upon recognition of new novae, the VSNET team makes 

''^ (ftp: / / vsnet.kusastro.kyoto-u.ac.jp/pub /vsnet / others / newvar.cat) 
''^ See (http://www.kusastro.kyoto-u.ac.jp/vsnet/ 
Novae/hadv46.html) for the full story. 

(http: / /www. kusastro.kyoto-u.ac.jp/vsnet/Novae/v4006sgr. html) 
(http:/ /www. astrouw.edu.pl/'^gp/asas/asas_asas3. html) 



an announcement to nova researchers and the variable star 
community to enable early-time confirmation and follow- 
up observations. The VSNET is now recognized as one of 
the most powerful media for disseminating such a kind of 
alerts to the open community, and is relied on by many 
professional nova researchers. 

For this purpose, VSNET takes an "open policy" of 
any nova (and supernova, variable star etc.) discovery 
announcements, i.e. such announcements will be im- 
mediately released and made public. The full reason- 
ing of the policy and the actual recommended reporting 
procedure is described in (http://www.kusastro.kyoto- 
u.ac.jp/vsnet/etc/discovery.html) and the links from this 
page. The VSNET has a dedicated list for announcing 
on new novae vsnet-discovery-nova,'^^ although this kind 
of information is usually also posted to vsnet-alert from 
the convention. In any case, readers are strongly recom- 
mended to refer to the above page before attempting to 
make an actual nova discovery report. 

5.4. Confirmation of Supernovae 

As well as confirmation of nova candidates, confirma- 
tion of suspected supernovae is also undertaken from the 
very beginning of the VSNET. The first example was SN 
1995D in NGC 2962 (Nakano et al. 1995), which was dis- 
covered by Reiki Kushida. The object was confirmed on 
the same night in Japan by three individual observers 
(vsnet-alert 30, 31, 32, 1995 February)'''', and the discov- 
ery announcement led the multicolor photometry starting 
soon after the discovery (Sadakane et al. 1996). 

Spectroscopic confirmation of several supernovae has 
also been reported on the VSNET lists. The earliest one 
was for SN 1995al (vsnet-alert 266, 1995 November),"*** 
which was distributed well earlier than the formal pub- 
lication in lAUC (Ayani, Kawakita 1995). Such a quick 
distribution of spectral type of supernova made it possible 
to schedule larger telescopes or space-borne instruments 
to observe it. The nearest type-Ic hypernova SN 2002ap 
(vsnet-alert 7120, 2002 January)^^ was the most suc- 
cessful recent example (Kinugasa et al. 2002a, Kinugasa 
et al. 2002b), which was followed by many instruments 
including the Subaru telescope (Kawabata et al. 2002) 
or the XMM- Newton (Soria, Kong 2002). Plentiful in- 
formation, including prediscovery observations (Yamaoka, 
Rogers 2002), has been posted to the specially made sub- 
list vsnet- campaign- sn2002ap. 

These contributions to early-time observation are sum- 
marized in subsection 6.5, as well as the scientific results 
drawn from them. 

*® (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 
vsnct-discovcry-nova/ maillist.html) . 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-alert/ 
msg00030.html) and so on. 

(http: / /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-alcrt/ 
msg00266.html). 
.^^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/alcrt7000/ 
msg00120.html). 
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5. 5. Hosting Announcements of External Organizations 

The VSNET has been playing a role providing an 
electronic medium for announcements made by other 
variable star-related organizations. The examples in- 
clude the early announcements of AAVSO Newsletters 
(vsnet-alert 14, 1995 January), Alert Notices (vsnet- 
alert 58, 1995 March), News Flashes (vsnet-alert 344, 
1996 February), website announcement (vsnet-alert 178, 
1995 August), ALEXIS^o transients (vsnet-alert 321, 1996 
February), International TOAD Watch website^^ (vsnet- 
alert 439, 1996 June), website for Hungarian Astronomical 
Association ~ Variable Star Section^^ (HAA/VSS, vsnet 
756, 1996 September), website for Center for Backyard 
Astrophysics^^ (CBA, vsnet 872, 1996 November), web- 
site for British Astronomical Association, Variable Star 
Section^^ (BAAVSS, vsnet 893, 1996 November), website 
for Group of Amateur Astronomers, Czechia, (GAMA, 
vsnet-alert 596, 1996 November), lAU Commission 42, 
Bibliography on Close Binaries^^ (BCB, vsnet 981, 1997 
January) , and numerous announcements on call for obser- 
vations, electronic publications, and international confer- 
ences.^^ The VSNET website and mailing lists thus have 
been a world center of variable star-related announce- 
ments. 

6. Scientific Achievements of VSNET 

6. 1 . Dwarf Novae 

Dwarf novae (cf. Osaki 1996a) have historically 
been the best-studied class of objects by the VSNET 
Collaboration and its precedent mailing list-based coop- 
eration (hereafter referred to the VSNET Collaboration 
throughout this section). Figure 7 shows a comparison 
of long-term light curves of three representative classes of 
dwarf novae (cf. Osaki 1996a) drawn from the VSNET 
observations.^^ 

The early work (up to 1996) almost immediately dou- 
bled the number of SU UMa-type dwarf novae, by 
the detection of superhumps (Vogt 1980; Warner 1985; 
Warner 1995c) during their superoutbursts. In typical SU 

(http:/ /nis-www. lanl.gov/~asocops/alxhomc/). 
(http:/ /www-astro. physics. ox. ac.uk/~crik/itw/). 
(http://vcssz.mcsc.hu/). 
(http:/ /cba. phys.columbia.edu/). 
(http:/ /www. britastro.com/vss/). 
(http:/ /a400. sternwarte.uni-erlangen.de/ftp/bcb/). 
^® We now have a dedicated list for conference announcements: 
(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 
vsnet-conference / maillist.html) . 

These data of various kinds of variable stars are freely available 
(from the URL in subsection 3.3), or upon request to the VSNET 
administrator (vsnet-adm@kusastro.kyoto-u.ac.jp). There is no 
specially requested authorization for the usage of these data 
in scientific publications other than the usual scientific man- 
ner of acknowledgement (please refer to the message from the 
data search engine for a recommended form of reference) . The 
data usually cover observations since 1995, and are particularly 
convenient for making correlation analysis with other modern 
observations (e.g. spectroscopy and multiwavelength observa- 
tions). 



UMa-type dwarf novae, superoutbursts only occur approx- 
imately once per year, and last for ~10 d. The intervals 
of superoutbursts (supercycles) are not constant, making 
it difficult to plan a scheduled observation. The observa- 
tions of SU UMa-type dwarf novae in the past were more 
or less TOO-type observations (subsection 1.2). We first 
prepared a comprehensive list of candidates of SU UMa- 
type dwarf novae, selected by various criteria from the 
literature and from our own observations. This strategy 
was in some way similar to the other projects such as: 

• High-galactic latitude CV search: Howell, 
Szkody (1990); Szkody, HoweU (1992); Drissen 
et al. (1994); Augusteijn, Stehle (1995) 

• Its descendant concept of "Tremendous Outburst 
Amplitude Dwarf Novae" (TOADs): Howell 
et al. (1995); Howell, Szkody (1995); Szkody, 
HoweU (1995); Howell, Skidmore (2000) 

• Recurrent Object Programme:^^ e.g. 
Poyner (1996), and the related extensive work 
by Vanmunster, Howell (1996) 

Although all of these other projects or works basically 
relied on catalog selections (e.g. Howell et al. 1995) or 
were based on the (usually poorly known) past activi- 
ties. Our strategy was different in that: (1) our selection 
was based on comprehensive and extensive search through 
all available literature (this work was conducted in col- 
laboration with the VSOLJ), (2) we had examined the 
Palomar Observatory Sky Survey (POSS) plates and our 
own systematic CCD survey to get unique identifications 
and more reliable outburst amplitudes of the objects, (3) 
we applied a theoretical background (e.g. Osaki 1985; 
Osaki 1989; Ichikawa, Osaki 1994) for selecting the ob- 
jects, and (4) we had amateur collaborators to share our 
interest in monitoring faint dwarf novae with a CCD (sub- 
section 2.3). The combination of these factors brought an 
unprecedented success in discovering new SU UMa-type 
dwarf novae. Since the early success story was already 
described in subsection 4.1, we mainly focus on the recent 
contributions of the VSNET Collaboration to this field. 

6.1.1. Discovery of ER UMa Stars 

In the canonical picture of SU UMa-type dwarf no- 
vae, the mass-transfer (driven by angular momentum 
loss from the binary) in these systems was believed to 
be the result of gravitational wave radiation (GWR: cf. 
Paczynski 1967; Faulkner 1971; Tutukov, Yungelson 1979; 
Taam et al. 1980; Paczynski, Sienkiewicz 1981), since 
the fully convective secondary at this (<2 hr) or- 
bital period (Porb) is generally considered improba- 
ble to sustain magnetic braking, which plays a major 
role in longer period (Porb >3 hr) CVs (Hitter 1976; 
Ritter 1980; Whyte, Eggleton 1980; Paczynski 1981; 
Rappaport et al. 1982; Rappaport et al. 1983; Spruit, 
Ritter 1983; Paczynski, Sienkiewicz 1983; Verbunt 1984; 
Patterson 1984; Ritter 1985). Since the angular momen- 
tum loss by GWR is a unique function of component 

(http:/ /www. theastronomer.org/recurrcnt. html). 
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masses and orbital separation, and the masses of the pri- 
mary white dwarfs and the main-sequence secondary stars 
only have a small degree of diversity, the SU UMa-type 
stars were historically considered as an "one parameter 
system" , i.e. the basic properties are determined by a 
single parameter, Porb- 

This concept so widely prevailed that statistics and 
classifications were usually given following this con- 
cept (Warner 1995c; Vogt 1993), and that numerical 
simulations implicitly assumed this canonical picture 
(Osaki 1989). In observations, a search for new SU UMa- 
typc dwarf novae was usually restricted to dwarf novae 
with long recurrence times (the best example being the 
Recurrent Object Programme). Our discovery, however, 
of the ER UMa stars completely changed this picture. 

ER UMa (=PG 0943-f 521) was originally classified as a 
novalike object (Green et al. 1982) selected from its ultra- 
violet excess (Palomar-Green Survey: Green et al. 1986, 
sec also Ringwald 1993). This object was, together with 
other PG CVs selected from Green et al. (1982), reg- 
ularly monitored by the VSOLJ members for potential 
activities. In 1992, Makoto lida (VSOLJ) noticed that 
this object shows dwarf nova-like outbursts (lida 1994, 
see vsnet-history archive for full details in the public re- 
ports circulated in 1992-1993). Because of the presence 
of long-lasting states of intermediate brightness (which 
later turned out to be superoutbursts) , this star was orig- 
inally considered to be a Z Cam-type dwarf nova, which is 
characterized by the presense of standstills in addition to 
dwarf nova-type outbursts (see e.g. Hellier 2001a, Sect. 
5.4; see also Warner, van Citters 1974; Meyer, Meyer- 
Hofmeister 1983; Oppenheimer et al. 1998). 

In early 1994, following the detection of a bright out- 
burst by Gary Poyncr, our CCD observations revealed 
the presence of superhumps. Combined with the visual 
observations electronically reported, this object was fi- 
nally identified as an SU UMa-type dwarf nova with an 
unexpectedly short (43 d) supercycle (Tg). The short- 
est Ts before the discovery of ER UMa was 134 d of 
YZ Cnc (Szkody, Mattel 1984; van Paradijs et al. 1994). 
It later turned out through a discussion at the Padova 
CV Conference in 1994^^ that this object was indepen- 
dently studied at least by two groups: by the RoboScope 
(Honeycutt 1992) team (Robertson et al. 1995) and by 
Misseh, Shaffer (1995). Among aU groups, the VSNET 
team was the first to unambiguously identify the na- 
ture of this object (Kato, Kunjaya 1995). Spectroscopic 
(Thorstcnsen et al. 1997) as well as photometric (Kato 
et al. 1995a) identifications of the orbital periods later 
confirmed this identification. 

Once this discovery was announced, new members of 

See also Honeycutt et al. (1995); the object was originally 
presented in the conference as the best observational proof 
for the mass-transfer burst model of dwarf nova outbursts. 
Our detection of superhumps was presented in a later talk by 
Osaki (1995a), which invoked a hot discussion, against the origi- 
nal topics to be presented by this talk, regarding the true nature 
of ER UMa. At the time of this conference, the tone of the audi- 
ence was even skeptical about the presence of an SU UMa-type 
dwarf nova with such a short supercycle. 



the group of ER UMa stars were immediately identified 
through impetuous real-time competitions through the 
VSNET public lists: V1159 Ori (Nogami et al. 1995a; 
Robertson et al. 1995) and RZ LMi (Robertson et al. 1995; 
Nogami et al. 1995c). It later turned out that the su- 
percycle of VI 159 Ori was independently recognized by 
Patterson et al. (1995b), but was only interpreted within 
the classical framework. The supercycle of RZ LMi is ex- 
ceptionally short (19 d), which is the shortest record of 
supcrcycles up to now [see also Kato ct al. (1999d) for the 
basic observational review, and Kato et al. (2002e); Kato 
et al. (2003e) for recent discussions of ER UMa stars]. 
Later additions to these ER UMa stars include DI UMa 
(Kato et al. 1996a), an RZ LMi-like system, and IX Dra 
(Ishioka et al. 2001b), both of which were discovered by 
the VSNET Collaboration. 

From the standpoint of the disk-instability model, these 
discoveries immediately led to theoretical interpretations 
(Osaki 1995b; Osaki 1995d), and significantly contributed 
to the "unified theory of dwarf novae" (Osaki 1996b; 
Osaki 1996a). These theoretical calculations indicate an 
unexpectedly (from the canonical picture based on the 
GWR-driven angular momentum loss) high mass-transfer 
rate (ER UMa: Osaki 1995b). The extremely short of 
RZ LMi requires an additional (still poorly understood) 
mechanism (Osaki 1995d). This theoretical effort recently 
led to ramifications of ideas including the effect of ex- 
tremely low mass ratio {q = M2/M1) (Hellier 2001b) or 
the effect of irradiation (Buat-Menard, Hameury 2002), 
which need to be investigated by future work. It has 
been speculated (Hellier 2001b) that these mechanisms 
arc partly responsible for the manifestation of the un- 
usual properties of still the still poorly understood WZ 
Sge-typc dwarf novae, which will be discussed later (sub- 
section 6.1.2). 

The required high mass-transfer is still a mystery. 
Although there have been a number of suggestions, in- 
cluding the long-term effect of nova explosions (Kato, 
Kunjaya 1995; Schenker et al. 1998; Patterson 1998; Kolb 
et al. 2001), which is, in some sense, a modern extension 
of the "old" discussion of the "nova hibernation" scenario 
(Sharaet al. 1986; Prialnik, Shara 1986; Livio, Shara 1987; 
Livio et al. 1988; Duerbeck 1992; Naylor et al. 1992; 
Mukai, Naylor 1995), irradiation-induced mass-transfer 
feedback (McCormick 1998; McCormick, Frank 1998), 
none of them has succeeded in explaining the required 
high mass-transfer rates in ER UMa. Recent observa- 
tions (Kato 2001a; Fried et al. 1999) suggest that the 
high mass-transfer rates in ER UMa stars are less likely 
the result from a secular evolutionary effect, but may be 
more related to the activity cycle in the secondary star 
(Bianchini 1988; Bianchini 1990; Ak et al. 2001). The ori- 
gin of the unusually high activity of ER UMa stars is still 
an open question. 

From the observational side, there has been a systematic 
search, mainly conducted by the VSNET Collaboration 
and relevant results communicated to the public in real 
time, to find intermediate systems between ER UMa stars 
and classical SU UMa-type dwarf novae. Several inter- 
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esting objects were recognized as a result: NY Ser = 
PG 1510+234 (SU UMa-type dwarf nova in the period 
gap: Nogami et al. 1998b), HS Vir = PG 1341-079 (SU 
UMa-typc dwarf nova with very short outburst recurrence 
times: Kato et al. 1995d; Kato et al. 1998d; Mennickent 
et al. 1999; Kato et al. 2001o; Mennickent et al. 2001b), SX 
LMi (low amplitude SU UMa-type dwarf nova: Nogami 
et al. 1997b; Wagner et al. 1998; Kato 2001b), CI UMa 
(SU UMa-type dwarf nova with irregular supercycle be- 
havior: Nogami, Kato 1997), V1504 Cyg (SU UMa-type 
dwarf nova with a short Tg, Nogami, Masuda 1997), 
V503 Cyg (unusual SU UMa-type dwarf nova with un- 
usual outburst behavior, Tg ~89 d: Kato et al. 2002e; 
Harvey et al. 1995), SS UMi (normal SU UMa-type dwarf 
nova with a short Tg ^84.7 d: Kato et al. 1998b; Kato 
et al. 2000a), BP Ara (normal SU UMa-type dwarf nova 
with the shortest Tg ~84.3 d: Kato et al. 2001p; Kato 
et al. 2003b), V344 Lyr (large-amphtude SU UMa-type 
dwarf nova with a short supercycle: Kato 1993; Kato 
et al. 2002j), MN Dra = Var73 Dra (SU UMa-type dwarf 
nova with Tg ~60 d: Nogami ct al. 2003d). 

The evolution of superhumps in ER UMa stars is 
also known to be unusual. Kato et al. (1996d) re- 
ported the early presence of large-amplitude superhumps, 
which later turned out to be part of an unexpected 
early phase reversal of superhumps (Kato et al. 2003e). 
This phenomenon resembles the so-called late superhumps 
(Haefner et al. 1979; Vogt 1983; van der Woerd et al. 1988; 
Hessman et al. 1992) seen in late stages of superoutbursts 
in SU UMa stars, but the striking difference is that they 
appear in the early stage of the superoutburst. The ori- 
gin of this phase reversal is not yet understood. Gao 
et al. (1999) reported some peculiar features in super- 
humps of ER UMa. Masctti, Regos (1997) suggested a 
possible link between ER UMa stars X-ray transients by 
comparing the evolution of their superhumps. 

To summarize, the discovery of ER UMa stars brought 
a revolutionary turning point of dwarf nova studies: the 
SU UMa-type dwarf novae are no longer "one-parameter 
systems" (see e.g. Warner 1998; Nogami 1998). Research 
on short-Porb CVs (mainly SU UMa-type dwarf novae) is 
continuously broadening, and is now becoming one of "the 
mainstreams" of CV research. 

6.1.2. WZ Sge- Type Dwarf Novae 

WZ Sge-type dwarf novae are a peculiar subtype of SU 
UMa-type dwarf novae. The properties of WZ Sge-type 

Historically, the concept of WZ Sge-type dwarf novae re- 
ferred to large- amplitude, rarely outbursting dwarf novae (cf. 
Bailey 1979; Downes, Margon 1981; Patterson et al. 1981; 
O'Donoghue et al. 1991). This extension of this standpoint 
led to the concept of Tremendous Outburst Amplitude Dwarf 
Novae (TOADs), mainly proposed by Howell et al. (1995). WZ 
Sge-type dwarf novae were sometimes even referred to as ex- 
treme TOADs (cf. Howell et al. 2003). The modern viewpoint, 
however, is that the outburst amplitude is one of the general 
properties of WZ Sge-type dwarf novae, rather than the def- 
inition. WZ Sge-type dwarf novae are now better recognized 
as an extreme population of SU UMa-type dwarf novae (Kato 
et al. 20011, see also the discussion in relation to the "TOAD" 



dwarf novae include: (1) long (~ 10 yr or more) outburst 
recurrence time, (2) large (~ 8 mag) outburst amplitude, 
(3) very few. or sometimes no, occurrence of (isolated) 
normal outbursts, (4) presence of "early superhumps" , 
which are modulations having periods very close to the 
orbital periods, during the earliest stage of superout- 
bursts, and (5) frequent occurrence of post-superoutburst 
rebrightening (see Kato et al. 20011 and Kato 2002b for 
modern observational reviews). 

These properties arc difficult to explain, even with the 
recent progress of the disk-instability theory, and the 
WZ Sge-type dwarf novae have been continuously pro- 
viding challenging problems to both theoreticians and ob- 
servers. One of the main difficulties reside in their ex- 
tremely long recurrence times. If one assumes the stan- 
dard disk-instability model, the recurrence time is limited 
by the diffusion time in quiescence (Ichikawa, Osaki 1994; 
Osaki 1996a). In order to avoid a thermal instability 
resulting from this diffusion, one needs to assume an 
extremely low viscosity parameter in quiescence {ac < 
0.00005, Smak 1993; ac < 0.003, Osaki 1995c). Although 
the origin of such a low viscosity is becoming positively 
resolved by considering a very cold disk with a low elec- 
tronic conductivity (Mcycr-Hofmeister et al. 1998), there 
still exist a number of arguments to avoid an extremely 
low quiescent viscosity. Por example, Lasota et al. (1995), 
Warner et al. (1996) assumed evaporation/truncation of 
the inner disk to prevent thermal instability to occur. 
Hameury et al. (1997) and Buat-Menard, Hameury (2002) 
presented slight modifications of these ideas. The mod- 
els, however, are expected to show much shorter outburst 
lengths than in the low-ac model (Osaki 1995c). Some 
models thereby assume an enhanced mass-transfer during 
a superoutburst (as originating from Patterson et al. 1981 
and extended by Patterson et al. 2002), there is. how- 
ever, no concrete observational evidence supporting this 
supposed enhanced mass-transfer (Osaki, Meyer 2003). A 
careful analysis of the observations of the 2001 outburst 
of WZ Sge also supports this lack of mass-transfer (R. 
Ishioka et al. in preparation). Some authors ascribed the 
existence of a brown-dwarf secondary star to the origin 
of the required low ac (Meyer, Meyer-Hofmeister 1999). 
This possibility, together with the expectations from the 
theoretical viewpoint (e.g. Paczyriski 1971), led to a wide 
interest to search for brown dwarfs in WZ Sge-type dwarf 
novae (Howell et al. 1997; Politano et al. 1998; Ciardi 
et al. 1998; van Teeseling et al. 1999; Patterson 2001; 
Howell, Ciardi 2001; Mennickent ct al. 2001a; Kato 
et al. 2002p; Mennickent, Diaz 2002; Littlcfair et al. 2003). 
Although earlier reports tended to suggest the presence of 
a brown dwarf, the evidence is less clear from more recent 
detailed studies (Steeghs et al. 2001a; Kato et al. 2002p; 
Mennickent, Diaz 2002; Howell et al. 2002; Littlefair 
et al. 2003). Most recently, the observational lack of CVs 
having brown dwarf secondaries is even becoming a seri- 
ous problem (Barker, Kolb 2003). In all aspects of disk- 
concept: Kato et al. 2003f). We therefore primarily use the term 
WZ Sge-type dwarf novae rather than TOADs. 
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Fig. 8. CCD light curve of the 2001 outburst of WZ Sge by the VSNET Collaboration. 



instability problems, origin of disk viscosity, and late-stage 
evolution of compact binaries, WZ Sge- type dwarf novae 
continue to be key objects. 

Since the outbursts of WZ Sge-type dwarf novae are 
quite rare, these objects have best illustrated the abil- 
ity and the achievement of the VSNET as the real-time 
network. Before the VSNET was established, most (pre- 
sumable) WZ Sge-type outbursts were only poorly stud- 
ied (e.g. AL Com: Bertola 1964, UZ Boo: Bailey 1979, 
PQ And: McAdam ct al. 1988; Hurst et al. 1988a; 
Hurst ct al. 1988b; Hurst, Young 1988, GW Lib: Maza, 
Gonzalez 1983, other systems: Ricliter 1992). The estab- 
lishment of the VSNET has been one of the greatest steps 
toward understanding the WZ Sge-type dwarf novae. In 
particular, without the collaboration with the VSOLJ and 
without the VSNET alerts, the early part of the 2001 out- 
burst of WZ Sge would have still remained a mystery. 

The earliest work on WZ Sge-type dwarf novae was 
on HV Vir in 1992. Although this object was origi- 
nally recorded as a classical nova in 1929 (Schneller 1931; 
Duerbeck 1984), we started monitoring for a future po- 
tential outburst as a candidate WZ Sge-type dwarf nova 
(Kato et al. 20011). This outburst was discovered by 
Patrick Schmeer (Schmeer et al. 1992), and was imme- 
diately relayed through the alert network. The VSNET 
team was the first to record periodic modulations (early 



superhumps) in the light curve. The final result on this 
superoutburst was published as Kato et al. (20011), which 
has been chosen as a best modern reference on new WZ 
Sge-type stars in Trimble, Aschwanden (2003). After '^lO 
yr, the object again went into superoutburst, which was 
observed in detail by the VSNET Collaboration (Ishioka 
et al. 2003). 

The next object was UZ Boo in 1994 (lida, York 1994; 
Szentasko ct al. 1994). The outburst detection was 
also immediately relayed through the VSNET alert net- 
work. Due to the short visibility, only a prelimi- 
nary supcrhump period of 0.0619 d was obtained (Kato 
et al. 20011), although the post-superoutburst rebright- 
enings reported through the VSNET have raised a pos- 
sible link between WZ Sge-type dwarf novae and soft 
X-ray transients (SXTs, or X-ray novae, subsection 6.4) 
(Kuulkers et al. 1996). This suggestion has been more 
substantiated by Uemura et al. (2000c), Kuulkers (2000), 
Kuulkers (2001); this relation is becoming one of the ma- 
jor contemporary topics in SXT outbursts. 

In 1995 and 1996, outstanding WZ Sge-type outbursts 
of AL Com and EG Cnc occurred. These outburst de- 
tections were immediately relayed through the VSNET, 
and produced a wealth of scientific results as already in- 

This was immediately reported to the CBAT (see vsnet-history 
archive), but was not published for an unknown reason. See 
Kato et al. 20011 more details. 
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troduced in subsection 4. AL Com again underwent an 
superoutburst in 2001. A timely outburst announcement 
by Steve Kerr on VSNET enabled early-time observa- 
tions when the object was still rising. The detection of 
growing early superhumps was already reported (Ishioka 
et al. 2002b), which was actually the first detection of 
growing early superhumps before the 2001 spectacular 
outburst of WZ Sge itself. 

In late 2000, another spectacular outburst of RZ Leo oc- 
curred, which had long been suspected as a candidate WZ 
Sge-type dwarf nova (McNaught 1985; Mattel et al. 1985; 
Cristiani et al. 1985; Richtcr 1985). The VSNET 
Collaboration succeeded in detecting both early super- 
humps and ordinary superhumps (Ishioka et al. 2000a; 
Ishioka et al. 2001c), giving credence to the WZ Sge-type 
nature of this dwarf nova. 

The unexpected outburst of the prototype WZ Sge in 
2001 was one of the greatest astronomical phenomena in 
recent years. It was detected by a Japanese amateur ob- 
server, Tomohito Ohshima, was immediately relayed to 
the VSNET, enabling early coverage (Ishioka et al. 2001e; 
Ishioka et al. 2002c; Kuulkers et al. 2002), which was one 
of the greatest achievements of the VSNET as an alert 
network (see figure 8). This outburst produced a burst 
of scientific results from a number of researchers, both 
ground-based and satcUitc-borne: detection of early su- 
perhumps (Kato et al. 2001b), growth of ordinary super- 
humps (Kato et al. 2001j; Kato et al. 20011), spectro- 
scopic detection of spiral patterns (Steeghs et al. 2001b; 
Baba et al. 2001) whose details have been published 
in Baba et al. (2002), "real-time" modeling of the out- 
burst (Cannizzo 2001), Chandra observation (Wheatley 
et al. 2001), HST observation (Knigge et al. 2002), 
far ultraviolet spectroscopy (Long et al. 2003), infrared 
spectroscopy (Howell et al. 2003), extensive photometry 
(Ishioka et al. 2002b; Patterson et al. 2002; R. Ishioka 
et al. in preparation), and theoretical modeling of the 
superhump light curve (Osaki 2003). 

Other WZ Sge-type dwarf novae observed and reported 
by the VSNET Collaboration include: UW Tri (Kato 
et al. 2001h), LL And (Kato 2003b; data cited in Howell, 
Hurst 1994, Howell, Hurst 1996), V2176 Cyg (Novak 
et al. 2001), CG CMa (Kato et al. 1999b), V592 Her (Kato 
et al. 2002p). Among them, V2176 Cyg showed a "dip" 
phenomenon, noted for first time since the 1995 outburst 
of AL Com (Nogami et al. 1997a), and V592 Her was 
confirmed to be a dwarf nova with an exceptionally large 
outburst amplitude. 

The VSNET Collaboration has first systematically 
demonstrated that all well-observed WZ Sge-type dwarf 
novae show "early superhumps" during the earliest stage 
of their superoutbursts (which may be the best defining 
characteristic of WZ Sge-type dwarf novae: Kato 2002b) . 
These early superhumps are usually double-wave (some- 
times more complex) variations, which have periods 
extremely close to the orbital periods (e.g. Ishioka 
et al. 2002b). Although there is a historical (Patterson 
et al. 1981) and a modern version (Patterson et al. 2002) 
interpretation, that the phenomenon results from an en- 



hanced mass-transfer, it is now understood as the result of 
some sort of resonance on the disk (2:1 resonance: Osaki, 
Meyer 2002 or vertical 2:1 resonance: Kato 2002b). 

The identification of RZ Leo as a WZ Sge-type dwarf 
nova (Ishioka et al. 2001c), is a surprise from this point 
of view, since the superhump period (0.078529 d) of RZ 
Leo is anomalously long compared to the canonical pic- 
ture of WZ Sge-type dwarf novae. This identification 
indicates that neither a brown-dwarf secondary (Meyer, 
Meyer-Hofmeister 1999) nor an extreme mass-ratio, en- 
abling 2:1 resonance (Osaki, Meyer 2002), may be a neces- 
sary condition for the WZ Sge-type outburst phenomenon. 
This implication is presently under discussion for WZ Sge- 
type dwarf novae (cf. Kato 2002b; Osaki, Meyer 2002). 
As concerns early superhumps, Kato (1997a) detected a 
smooth transition from the orbital to superhump period 
in a more usual SU UMa-type dwarf nova, T Leo. This 
phenomenon may be somehow related to the evolution of 
early superhumps (Kato et al. 1996b). 

Several large-amplitude SU UMa-type dwarf novae 
share some common properties with WZ Sge-type dwarf 
novae, particularly in the lengthening of the superhump 
period. The periods of the superhumps are usually not 
constant, but show a significant period derivative (Pdot)- 
The Pdot are usually negative in classical SU UMa-type 
dwarf novae (Warner 1985; Patterson ct al. 1993; for a re- 
cent progress, see Kato et al. 2003h). This negative Pdot 
is usually considered to be a result of a decrease in the 
angular velocity of precession of a shrinking eccentric disk 
(Osaki 1985). The decrease may also be a result of inward 
propagation of the eccentricity wave (cf. Lubow 1991a; 
Lubow 1991b; Lubow 1992). A small number of SU UMa- 
type dwarf novae, notably many WZ Sge-type dwarf no- 
vae, arc known to show positive Pdot- This effect was first 
clearly detected in V1028 Cyg (Baba et al. 2000), although 
this phenomenon first appeared in solid publications on 
SW UMa (Scmeniuk et al. 1997; Nogami et al. 1998a), 
V485 Cen (Olech 1997b), and on the WZ Sge-type star 
AL Com (Pych, Olech 1995b; HoweU et al. 1996; Nogami 
ct al. 1997a). The SU UMa-type dwarf novae newly iden- 
tified by the VSNET Collaboration as having positive Pdot 
include: HV Vir (WZ Sge-type star, Kato et al. 20011), 
WX Cet (Kato et al. 2001c), EG Cnc (WZ Sge-type star, 
Kato et al. 1997), and XZ Eri (Uemura ct al. 2003c). The 
true origin of this phenomenon is not yet well understood 
(Baba et al. 2000; Kato et al. 20011; Ishioka et al. 2003; 
Kato et al. 2003h; Kato ct al. 2003b). 

Post-superoutburst rebrightcnings arc also a renowned 
feature of the WZ Sge-type dwarf novae (Kato et al. 1997; 
Patterson et al. 1998; Ishioka et al. 2003), for which Osaki 
et al. (1997), and Osaki et al. (2001) presented an inter- 
pretation based on the slow viscosity decay in the early 
post-superoutburst state. This mechanism would require 
a mass reservoir in the outer disk (Osaki, Meyer 2003), 
whose original observational implication was proposed by 
Kato ct al. (1998c). The existence, or non-existence, of 
post-superoutburst rebrightcnings have been systemati- 
cally studied by the VSNET Collaboration in almost all 
SU UMa-type dwarf nova. Recent examples include GO 
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Com (Kato et al. 1995c), WX Get (Kato 19951; Kato 
et al. 2001c), V1028 Cyg (Baba et al. 2000), V725 Aql 
(Ucmura et al. 2001c), and in the unusual system (see sub- 
section 6.1.3) EI Psc (Ucmura et al. 2002e). The statistics 
is presented in Kato et al. (1998c). 

A missing link between WZ Sge-type dwarf novae and 
ordinary SU UMa-type dwarf novae has been sought. CT 
Hya (Nogami et al. 1996; Kato et al. 1999a) was suggested 
to be one such system, though a more recent statistical 
analysis suggests a more rigid segregation between WZ 
Sge-type dwarf novae and ordinary SU UMa-type dwarf 
novae (Kato et al. 2003f). Several systems possibly related 
to WZ Sge-type dwarf novae have been also studied by 
the VSNET Collaboration: CC Scl = RX J2315. 5-3049 
(Ishioka et al. 2001a). 

Long Porb SU UMa-type dwarf novae with rare out- 
bursts have also been systematically studied by the 
VSNET Collaboration. The objects include: EF Peg 
(Kato, Takata 1991; Kato 2002c) and V725 Aql (Nogami 
et al. 1995d; Uemura et al. 2001c). The origin of the nec- 
essary low mass-transfer rate in such long Porb systems is 
still a problem. 

6.1.3. Ultra-Short Period Systems and Helium 
Cataclysmic Variables 

From the standard evolutionary scenario of compact 
binaries, there should be a "period minimum" (e.g. 
Paczyhski 1971) at which the mass-losing secondary star 
becomes degenerate and the binary period starts to 
lengthen. This period is observationally determined to 
be ~1.3 hr, which is about 10% longer than the theoreti- 
cal predictions (Paczynski 1971; Kolb. Baraffe 1999; King 
et al. 2001; King et al. 2002). This discrepancy has not 
been yet resolved, although several attempts have been 
made (e.g. Renvoize et al. 2002; Barker, Kolb 2003) to 
reconcile theory with observation. 

There exist, however, hydrogen-rich systems with pe- 
riods well below this theoretical minimum period. The 
"classical" object is V485 Ccn (Augusteijn et al. 1993; 
Augustcijn et al. 1996; Olech 1997b); the faintness of 
this object, however, prevented a detailed observational 
study. In the past few years, the VSNET team found 
a hydrogen-rich, nearby bright system (EI Psc = IRXS 
J232953.9-f 062814) having a short period comparable to 
V485 Cen (Uemura et al. 2001b; Uemura et al. 20021; 
Uemura et al. 2002e). Both the radial- velocity study 
(Thorstensen et al. 2002b) and the supcrhump period 
analysis (Ucmura et al. 2002e; Skillman et al. 2002) inde- 
pendently confirmed that the secondary star of this sys- 
tem is more massive than what is expected for this orbital 
period, suggesting that the mass donor is an evolved core 
with a thin hydrogen envelope. From this finding, Uemura 
et al. (2002f) suggested, following the evolutionary calcu- 
lations by Podsiadlowski et al. (2003), that both EI Psc 
and V485 Cen can be ancestors of helium CVs (or AM 
CVn stars, Warner 1995a; Solheim 1995) consisting of a 
white dwarf and a mass-losing helium white dwarf. If this 
interpretation is confirmed, this object would become the 
first direct observational evidence that helium CVs are 



descendants of a certain class of CVs with hydrogen-rich 
appearance (cf. Webbink 1984; Tutukov, Yungelson 1996; 
Nelemans et al. 2001; Yungelson et al. 2002). This ob- 
ject, given its proximity and relatively heavy compo- 
nent masses, is also considered to be an excellent can- 
didate for next generation experiments of directly de- 
tecting gravitational wave radiation (Hils, Bender 2000; 
Strohmaycr 2002). 

In clarifying the nature of EI Psc, proper motion studies 
played an independent important role in identifying the 
object as a nearby object. This finding was soon confirmed 
by later researchers (Biggs, Walsh 2001), and the same 
technique has been applied to different sorts of objects 
by the VSNET Collaboration (RX J2309. 8-^2135: Kato, 
Yamaoka 2002, V379 Peg: Kato et al. 2002u, CW Mon: 
Kato et al. 2003j). This application of astrometry soon 
became the global standard in studying CVs and related 
systems (Kato et al. 200 It, see also recent entries of a 
survey of proper motions in Downes ct al. online CV 
catalog^^ ). 

Helium CVs have been one of the best observed targets 
by the VSNET Collaboration. Among them, CR Boo 
has been identified as the first "helium ER UMa star" 
with a supercyclc of 46.3 d (cf. subsection 6.1.1) by Kato 
ct al. (2000c). The VSNET team also joined a campaign 
to study supcrhumps in CR Boo (Patterson et al. 1997). 
Kato et al. (2000d) identified a similar supercycle in the 
helium CV, V803 Cen. Kato et al. (2001m) further identi- 
fied standstills in V803 Cen, which were initially suggested 
for CR Boo in Kato et al. (2000c). Kato et al. (2001k) 
later detected a transition of CR Boo to a state of a short 
supercycle (14.7 d), which they called "the second super- 
cycle" . This phenomenon is still difficult to explain. Kato 
et al. (20031) studied V803 Cen for its long-term behav- 
ior and its 2003 June superout burst, and revealed that 
the object (and probably also CR Boo) shows outburst 
behavior similar to WZ Sge. From these studies, both 
CR Boo and V803 Cen have been well-established "he- 
lium counterparts" to hydrogen-rich SU UMa-type dwarf 
novae, in contrast to the traditional VY Scl-type (vari- 
able mass-transfer rate from the secondary, see subsection 
6.3.3) explanation of high and low states in these systems 
(Warner 1995a; Woudt, Warner 2003b). This interpreta- 
tion is perfectly in line with the dwarf nova-type inter- 
pretation (Tsugawa, Osaki 1997), although this interpre- 
tation was not originally correctly applied to observation 
(Patterson ct al. 1997; Patterson et al. 2000b). 

Outburst detections of other helium dwarf novae (e.g. 
KL Dra = SN 1998di) have been also announced through 
the VSNET, and provided necessary fundamentals^'^ for 
detailed research (e.g. Jha et al. 1998b; Samus 2000b; 
Wood et al. 2002). 

6.1.4. Eclipsing Dwarf Novae 

Since CVs are close binary systems, high-inclination 
systems show eclipses. The presence of eclipses in CVs 

^■^ (http:/ /icarus. stsci.edu/~downes/cvcat/). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/DNe/kldra. html). 
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historically provided most crucial information about the 
geometry and fundamental physics of the accretion disk 
or the accretion stream (Walker 1954; Walker 1955; 
Kraft 1958; Greenstein, Kraft 1959; Kraft 1962; Warner, 
Nather 1971) and the clarification of the cause of out- 
bursts (Osaki 1974; Smak 1976; Smak 1984; Krzeminski, 
Vogt 1985). 

In recent years, the eclipse mapping technique 
(Horne 1985) has been used to geometrically resolve the 
accretion disk by numerically modeling the eclipse light 
curve (and sometimes line variations) of CVs (Horne, 
Stiening 1985; Marsh, Horne 1987; Wood et al. 1989a; 
Baptista, Steiner 1991; Baptista, Steiner 1993). This and 
analogous methods have also been used to study the time- 
evolution of the accretion disk during dwarf nova out- 
bursts (Horne, Cook 1985; Wood et al. 1989b; Rutten 
et al. 1992; Wolf et al. 1993; Bobinger et al. 1997), dis- 
cuss the presence of a spiral pattern (which may be the- 
oretically predicted spiral shocks: Sawada et al. 1986; 
Spruit et al. 1987; Matsuda ct al. 1990; Matsuda 
et al. 2000) in dwarf novae (Baptista. Catalan 2001; 
Baptista, Catalan 2000; Baptista et al. 2000), for map- 
ping of the superoutbursting disks, (Bruch et al. 1996), to 
spectrally resolve the accretion disk (Rutten et al. 1993; 
Rutten et al. 1994), and to directly obtain physical pa- 
rameters of the accretion disk (Vriclmann et al. 1999; 
Vrielmann et al. 2002). 

The VSNET Collaboration played an important role in 
studying eclipsing CVs, especially eclipsing dwarf novae. 
The initial efforts were made to follow the eclipses of the 
rising phase of an IP Peg outburst (Nogami 1996). The 
VSNET alert lists provided an initiative role of system- 
atic studies when the northern new eclipsing dwarf nova 
EX Dra (= HS 1804-^6753) was discovered (Nogami 1996). 
This action was soon extended to observe rare outbursts of 
an eclipsing SU UMa-type dwarf nova, DV UMa (Nogami 
et al. 2001b). The 1995 outburst of HT Cas was also 
spectacular. This is a well-known eclipsing dwarf nova 
(cf. Patterson 1981; Zhang et al. 1986; Wood et al. 1995; 
Mukai et al. 1997). In 1995, the VSNET team received a 
request for an optical ground-based campaign coordinated 
with the Hubble Space Telescope (HST). The observation 
by the VSNET team succeeded in correcting the eclipse 
ephemeris, which is readily reflected on the HST observ- 
ing schedule, when the object suddenly jumped into an 
outburst! Thanks to this coincidence, we were able to 
obtain eclipse information only two days prior to the out- 
burst maximum, which precluded the enhancement of the 
hot spot as expected from the mass-transfer burst (Baba 
et al. 1999). The eclipses during this outburst was also 
followed by another group (loannou et al. 1999), who 
observed this object in response to this outburst detec- 
tion. The results of eclipse mapping, together with later 
outburst observations, have been recently reported (Baba 
et al. 2003b). 

IR Com {— S 10932), a system very similar to HT Cas, 
has also been extensively studied by the VSNET team. 
In particular, we detected the 1996 January outburst, and 
succeeded in taking the earliest eclipse observations (Kato 



ct al. 2002a), The true nature of this object had remained 
unclear before (Richter, Greiner 1995; Richter et al. 1997). 
The real-time circulation of this outburst detection and 
eclipse information enabled a third-party follow-up obser- 
vations (Richter et al. 1996). 

In most recent years, the VSNET Collaboration dis- 
covered a deeply eclipsing bright SU UMa-type dwarf 
nova (lY UMa = Tmz V85) in the northern hemisphere 
(Uemura et al. 2000d; Uemura et al. 2000b; Samus 2000a). 
For the first time in history, this observation yielded the 
simultaneous discovery of super humps and eclipses. This 
system, the only bright normal SU UMa-type dwarf novae 
suitably situated for northern telescopes, has been pro- 
posed as the best candidate object for next generation de- 
tectors on huge telescopes (cf. Moon et al. 2001; Steeghs 
et al. 2003; Reynolds et al. 2003). This and the subsequent 
outbursts were followed by a number of teams, result- 
ing in rich physical insights (Patterson et al. 2000a; Wu 
et al. 2001; Stanishev et al. 2001; Rolfe et al. 2001; Rolfe 
et al. 2002; Smak 2003). With strong emission lines of Hen 
and Ciii/Niii in outburst (Wu et al. 2001; such objects 
are known to be quite rare: Morales- Rueda, Marsh 2002), 
this object is a good candidate for spatially resolving a 
superoutbursting disk by the emission-line eclipse map- 
ping method (Makita, Mineshigc 2002), as well as with 
classical Dopplcr tomography of the velocity field (Marsh, 
Horne 1988). We also succeeded in identifying the super- 
cycle (Kato et al. 2001n). 

The other outstanding object is DV UMa, which was 
observed during the entire stage of the 1999 December 
superoutburst following the outburst report by Timo 
Kinnunen.^* This observation first fully covered the early 
evolution of eclipses in this rarely outbursting system. 

In 2002 February, a collaborative effort on GY Cnc = 
RX J0909. 84-1849 led to the discovery of the eclipsing 
nature of this dwarf nova (Gansicke et al. 2000; Kato 
et al. 2000f; Shaffer et al. 2000; Thorstensen 2000). 
Eclipse observations during the 2001 November outburst 
revealed the noticeable absence of the hot spot during the 
late stage of an outburst (Kato et al. 2002f). This obser- 
vation suggested that GY Cnc may be the first long-Porb 
object sharing common properties with HT Cas and IR 
Com. 

Recent detailed outburst (or superoutburst) observa- 
tions of eclipsing dwarf novae include: XZ Eri (Uemura 
et al. 2003c) and OU Vir (R. Ishioka et al. in prepa- 
ration). Both stars show prominent super humps as well 
as eclipses. XZ Eri is the first eclipsing SU UMa-type 
dwarf nova with a positive period derivative (Uemura 
et al. 2003c). OU Vir is another object continuously re- 
ceiving world-wide attention (Vanmunster et al. 2000b; 
Mason et al. 2002), for which we succeeded in deter- 
mining the first reliable orbital and superhump periods. 
V2051 Oph is another eclipsing CV, which had been 
thought to be a low-field polar (Warner, Cropper 1983; 
Wenzel 1984; Warner, O'Donoghuc 1987) for which the 
VSNET Collaboration first provided unambiguous clari- 

(http: / /www. kusastro.kyoto-u.ac.jp/vsnGt/DNc/dvuma9912. html). 
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fication of its SU UMa-type nature by securely detecting 
super humps and supercycles (Kiyota, Kato 1998; Kato 
et al. 2001n). With the help by this clear identifica- 
tion, this object has also been receiving special attention 
both with ground-based and satellite-borne observations 
(Baptista et al. 1998; Bruch 2000; Steeghs et al. 2001c; 
Vrielmann et al. 2002) 

The recovery and clarification of the nature of the "lost" 
dwarf nova V893 Sco is another noteworthy achievement 
by the VSNET Collaboration. This object had long been 
lost, when Katsumi Haseda (VSOLJ) reported an out- 
bursting object (at a nominally different position from 
that of the originally reported V893 Sco) to the VSNET. 
After careful research of the discovery material, as a 
part of confirmatory process of a new variable star (sub- 
section 5.2), this newly reported object was eventually 
identified with the lost V893 Sco (Kato et al. 1998a). 
This was only the beginning of the story; the object 
soon turned out to be the brightest, and presumably one 
of the nearest, eclipsing dwarf novae below the period 
gap (Thorstensen 1999; Matsumoto et al. 2000; Bruch 
et al. 2000). This object has been extensively studied 
since its recovery (Mason et al. 2001; Kato et al. 2002h). 

CW Mon (Kato et al. 2003j) shows grazing eclipses dur- 
ing certain stages of outbursts. Together with the tran- 
sient appearance of pulsed signals, the presence of a pre- 
maximum halt in the outburst light curve and relatively 
strong X-ray radiation, this object has been suspected to 
be an intermediate polar (see also subsection 6.3.1). 

6.1.5. Super- Quasi- Periodic Oscillations 

Quasi-periodic oscillations (QPOs) are short-period, 
quasi-periodic oscillations widely observed in accreting bi- 
nary systems including CVs (cf. Warner 1995b). QPOs 
in CVs are usually subdivided into two classes. One is 
dwarf nova oscillations (DNOs) observed during outbursts 
of dwarf novae. DNOs have short periods (usually 19-29 s) 
and long coherence times (Robinson 1973; Szkody 1976; 
Patterson 1981; Hildebrand et al. 1980). The other is 
QPOs, which have longer (40 to several hundred sec- 
onds) and shorter coherence times (usually less than ~10 
wave numbers). We discovered a potentially new class 
of QPOs (super-QPOs) during the 1992 superoutburst of 
SW UMa (Kato et al. 1992a). These super-QPOs have 
long (several hundred seconds) periods and long coher- 
ent times (more than several tens of wave numbers). In 
some cases (Kato et al. 1992a), the amplitude can be quite 
large (up to 0.2 mag). The most outstanding feature of 
super-QPOs is that they are observed only during cer- 
tain stages of SU UMa-type superoutbursts. In SW UMa 
(1992) and EF Peg (Kato 2002c), the super-QPOs were 
observed during the growing stage of superhumps. A simi- 
lar, but less striking, probable appearance of super-QPOs 
was also recorded by the VSNET Collaboration during 
the early stage of an superoutburst of NSV 10934 (Kato 
et al. 2003d). 

During the 2000 superoutburst of SW UMa, similar 
super-QPOs temporarily appeared during the decay phase 



of a superoutburst (vsnet-alert 4331).^^ These observa- 
tions suggest that the appearance of super-QPOs is closely 
related to the growth and decay of superhumps, or re- 
lated to the existence of heating/cooling waves (Yamasaki 
et al. (1995) proposed that some sort of QPOs can be an 
excitation of trapped oscillations around the discontinuity 
of physical parameters). 

Different interpretations have also been suggested. For 
example, Warner, Woudt (2002) suggested that the super- 
QPOs may be a result of interaction between the weak 
magnetism of the white dwarf and some kind of wave in 
the inner accretion disk. Although this explanation would 
be compatible with the suggested presence of a weak mag- 
netic field in SW UMa (Shafter et al. 1986; Robinson 
et al. 1987; Szkody et al. 1988; Rosen et al. 1994), there 
would be a need for a different mechanism to explain 
why these super-QPOs only appear only during tempo- 
rary stages of superoutbursts. 

In EF Peg (Kato 2002c), a rapid decrease in the pe- 
riods of super-QPOs was recorded. From this finding, 
Kato (2002c) suggested a rapid removal of angular mo- 
mentum from an orbiting blob in the accretion disk, via 
a reasonable viscosity in a turbulent disk. The origin of 
super-QPOs is still an open question, but their prominent 
profile is expected to provide crucial information about 
the origin of QPOs in CVs (Warner, Woudt 2002). 

6.1.6. Low States in Dwarf Novae 

Although some nova-like CVs (VY Scl-type stars, sub- 
section 6.3.3) are best known to show "low states", dur- 
ing which mass-transfer from the secondary is reduced 
(Warner 1995b; Robinson et al. 1981), this phenomenon 
has not been clearly confirmed to occur in dwarf novae. 
Although there have been claims for "low states" (HT 
Cas: Zhang et al. 1986; Wood et al. 1995; Robertson, 
Honeycutt 1996, IR Com: Richter, Greiner 1995; Kato 
et al. 2002a, WW Cet: Ringwald et al. 1996; BZ UMa: 
Kaluzny 1986), it is not evident whether or not these 
phenomena directly reflect a reduced mass-transfer from 
the secondary, since the state change in the disk (espe- 
cially the viscosity parameter) would reproduce similar 
phenomena. Extensive studies on selected well-observed 
dwarf novae (e.g. Honeycutt et al. 1998; Oppenheimer 
et al. 1998) have found no evidence for the long-term vari- 
ation of mass-transfer. 

During the extensive work by the VSNET 
Collaboration, we discovered that the Z Cam star 
RX And underwent a deep fading in 1996 September 
(vsnet-obs 3750).^^ This fading (and the lack of out- 
bursts) lasted until 1997 January, which yielded the 
first unambiguous detection of a temporarily reduced 
mass-transfer in dwarf novae. This phenomenon was 
thoroughly studied by Kato et al. (20021). Careful 
research on the historical light curve indicated that 
similar phenomena were sporadically observed in RX 
And (Kato et al. 20021; Schrcibcr et al. 2002), but had 

®^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/DNe/swumaOO. html). 
®^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/obs3000/ 
msg00750.html). 
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been overlooked mainly because of the confusion of the 
true quiescent identification, and the lack of real-time 
circulation of information. The VSNET Collaboration 
succeeded in detecting such a phenomenon through real- 
time, regular monitoring of light curves of dwarf novae, 
and through a prompt reaction when an anomalous 
change was observed (the deep quiescence of RX And 
was originally confirmed by our own CCD observation). 
This is another aspect how effectively the VSNET alert 
network worked, besides other outburst-type transient 
events. This detection, announced world-wide, thereby 
led to a prompt HST observation (Sion et al. 2001), which 
revealed the presence of a hot white dwarf. Kato (2003c) 
further reported the detection of short fading episodes 
in RX And and SU UMa, which may be a result of 
temporary reduction of mass-transfer rate. 

6.1.7. Other Dwarf Nova Works 

Other dwarf nova-rclatcd works, not covered by the 
above subsections, by the VSNET Collaboration include: 

(a) Dwarf novae in the period gap: GX Cas, V419 Lyr 
(Nogami et al. 1998c) (see subsection 6.1.1 for NY 
Ser and MN Dra) 

(b) Time-variation in more usual SU UMa-type dwarf 
novae and candidates: AW Gen (Kato 1996b), RZ 
Sge (Kato 1996a), VI 113 Cyg (Kato et al. 1996e; 
Kato 2001h), CC Cnc (Kato, Nogami 1997a; Kato 
et al. 2002o), VZ Pyx (Kato, Nogami 1997b), 
CY UMa (Kato 1997b; Kato, Matsumoto 1999a), 
PU Per (Kato, Matsumoto 1999b), AQ Eri (Kato, 
Matsumoto 1999c; Kato 2001g), CT Hya (Kato 
et al. 1999a), V364 Peg (Kato, Matsumoto 1999d), 
QW Ser (Kato, Ucmura 1999b; Nogami et al. 
2003c), BZ UMa (Kato 1999e), CI Gem (Kato, 
Schmeer 1999), TY Vul (Kato, Ucmura 1999d), 
KV Dra (Nogami et al. 2000), V844 Her (Kato, 
Uemura 2000b), QY Per (Kato et al. 2000e), TY 
Psc (Kunjaya et al. 2001; Kunjaya et al. 2003), 
V630 Cyg (Nogami et al. 2001a), V369 Peg (Kato, 
Uemura 2001c), UV Gem, FS And, AS Psc (Kato, 
Uemura 20011), RX Cha (Kato ct al. 2001a), YZ 
Cnc (Kato 2001f), IR Gem (Kato 20011), FT Cam 
(Kato et al. 2001t; Kato 2002d), GZ Cnc, NSV 
10934 (Kato et al. 2001r; Kato et al. 2002b), DM 
Dra (Kato et al. 2002n), SU UMa (Kato 2002a), 
DM Lyr (Nogami et al. 2003a) 

(c) Time-variation in SS Cyg-type dwarf novae: V1008 
Her (Kato, Uemura 1999c), VI 101 Aql (Kato 
et al. 1999c), DK Cas (Kato, Uemura 2001a), HH 
Cnc = Tmz V36 (Kato, Uemura 2001e), IS Del 
(Kato 2001c), IZ And (Kato 2001e), DX And (Kato, 
Nogami 2001a), AH Eri (Kato, Nogami 2001b), CG 
Dra (Kato, Nogami 2001c), 

(d) Standstills of Z Cam-type dwarf novae: VW 
Vul (Kato 19991), AT Cnc (Nogami ct al. 1999, 
Dopplcr tomography; Kato ct al. 2001q), Z Cam 
(Kato 2001d), HL CMa (Kato 2002e), FX Ccp (Kato 
et al. 20011), V363 Lyr (Kato et al. 2001g), EY Cyg 



(Kato ct al. 2002m), IW And (unusual Z Cam star: 
Kato ct al. 2003c), 
(c) Quiescent dwarf novae: UV Per (Kato 1990b), GO 
Com (Kato, Hirata 1990a) 

(f) Classification: BE Eri (Kato 1999a; Kato, Ucmura 
2000a), LX And (Uemura et al. 2000e; Kato 20021), 
HP And (with Subaru, Nogami et al. 2003b) 

(g) Statistics and compilation: Nogami et al. (1997b); 
Kato et al. (20031) 

Most of the work was done with the help of the alert 
network and the collaboration described in subsections 2.3 
and 4.1. 

6.1.8. Other Global Contributions 

As the VSNET has been mediating an enormous num- 
ber of outburst alerts of dwarf novae since its very early 
history, these alerts, as well as long-term observations, 
contributed to world-wide dwarf nova studies by different 
teams. Since they are so numerous, we only list represen- 
tative ones: 

• V485 Gen: Olech (1997a); Olech (1997b) 

• PV Per: Vanmunstcr (1997) 

• TU Crt: Mennickent et al. (1998) 

• KS UMa: Watanabe (1998a); Olech et al. (2003b) 

• KV Dra: Vanmunstcr et al. (2000a) 

• WY Tri: Vanmunstcr (2001) 

• KX Aql: Tappert, Mennickent (2001) 

• XY Psc: Henden et al. (2001) 

• AH Her: Spogh et al. (2001); Spogh et al. (2002) 

• CVs in the 2MASS survey: Hoard ct al. (2002b) 

• V844 Her: Thorstensen et al. (2002c) 

• V2051 Oph: Vriclmann ct al. (2002); Vriclmann, 
Offutt (2003) 

• QZ Ser: Thorstensen et al. (2002a), another pe- 
culiar dwarf nova discovered by Katsumi Haseda 
(Had V04), and announced in collaboration with the 
VSNET (subsection 5.2) 

• IP Peg: Baptista et al. (2002) 

• RX J0944.5+0357: Mennickent et al. (2002) 

• V1504 Cyg: Pavlenko, Dudka (2002) 

• GZ Cnc: Tappert, Bianchini (2003) 

• V1141 Aql: Olech (2003) 

• QW Scr: Olech et al. (2003a) 

• FS Aur: Tovmassian et al. (2003) 

• EM Cyg: Spogh ct al. (2003) 

• short-period dwarf novae: Thorstensen, 
Fenton (2003) 

• faint CVs survey: Mason, Howell (2003) 

• SU UMa stars: Patterson ct al. (2003) 

6.2. Novae and Recurrent Novae 

6.2.1. Classical Novae and Related Objects 

From the beginning of the VSNET, novae and re- 
current novae have been widely studied as one of the 
classical representatives of transient objects. The ear- 
liest observations include the recurrent nova V3890 Sgr 
(1990), whose exact identification was clarified by us 



22 



T. Kato et al. 



(Kato et al. 1990). The next advancement was with 
V838 Her (Nova Her 1991), whose eclipsing nature and ex- 
act orbital period was clarified by our observation (Kato, 
Hirata 1991). This is the first classical nova whose evo- 
lution of eclipses was caught from the early decline stage 
of the outburst (Leibowitz 1993; Szkody, Ingram 1994; 
Ingram et al. 1992). The "nova of the century" (Starrfield, 
Shore 1994) V1974 Cyg (Nova Cyg 1992) was followed 
with the advent of the e-mail alert list (see vsnet-history 
messages). This nova later turned out to be a permanent 
superhumpcr system (Semeniuk et al. 1994; Semeniuk 
et al. 1995; Rctter ct al. 1997; Skillman ct al. 1997). The 
VSNET Collaboration later contributed to the interna- 
tional observing campaigns of the superhumps (A. Retter 
et al., in preparation). 

The next major step was with V705 Cas (Nova Cas 
1993), as introduced in subsection 1.4. After this nova, 
the VSNET has continuously provided public pages on 
individual novae, which are referenced as a primary re- 
source on recent novae. V723 Cas (Nova Cas 1995) has 
been one of the best studied novae in the VSNET his- 
tory. The object was discovered by Minoru Yamamoto, 
whose report immediately triggered early follow-up obser- 
vations (Hirosawa et al. 1995). Several early reports dis- 
cussed against the classical nova-type classification (e.g. 
Munari ct al. 1995a). Wc were the first, with the enormous 
amount of information collected by the VSNET, to predict 
that the object is a premaximum phase slow nova resem- 
bling HR Del (vsnet 223).^^ This prediction was later con- 
firmed by a number of works (Ohsima et al. 1996; Munari 
et al. 1996; lijima, Rosino 1996; lijima, Rosino 1997; 
lijima et al. 1998). 

Although it was not a classical nova, V4334 Sgr 
(Sakurai's object) in 1996 brought a major breakthrough 
in "stellar evolution in real time" (Duerbeck et al. 1996; 
Duerbeck, Benctti 1996). This star is one of the best 
studied and discussed variable stars since the late 1990's 
(Duerbeck et al. 1997; Arkhipova, Noskova 1997; Asplund 
et al. 1997; Arkhipova et al. 1998a; Evans et al. 1998; 
Arkhipova et al. 1999b; Kipper, Klochkova 1999a; 
Kerber 1999; Kerber 2001; Asplund ct al. 1999; 
Pavlenko et al. 2000; Duerbeck et al. 2000; Pavlenko, 
Duerbeck 2001; Shenavrin, Yudin 2001; Herwig 2001; 
Tatarnikov et al. 2001; Duerbeck 2002; Clayton 2002; 
Jeffery, PoUacco 2002; Kamath, Ashok 2002; Lawlor, 
MacDonald 2002; Lynch et al. 2002; Kaufl et al. 2003). 
The VSNET not only relayed this breathtaking discovery 
of a final helium fiash object, but also promptly provided 
prediscovery observations by Kesao Takamizawa (vsnet- 
alert 341)^^ (finally published by Takamizawa 1997), 
which has been frequently referenced and employed for 
theoretical modeling. See subsection 6.7 for its relation 
with R CrB-like stars (cf. Lawlor, MacDonald 2003). 

In recent years, the VSNET Collaboration has been is- 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Novae/novae. html). 
®® (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 

vsnet/msg00223.html). 
^® (http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/vsnct-alert/ 

msg00341.html>. 



suing scientific results, as well as early announcements and 
identifications, on individual novae: V2487 Oph (Nova 
Oph 1998, recurrent nova candidate: Nakano et al. 1998; 
Hachisu et al. 2002), V4444 Sgr (Nova Sgr 1999, the pos- 
sibility of this being a recurrent nova has been discussed: 
Kato et al. 2004), V463 Set (Nova Set 2000, fast nova 
with an unusually prominent premaximum halt: Uemura 
et al. 2000g; Kato et al. 20021), V445 Pup (Nova Pup 
2000, unusual nova with no indication of hydrogen fea- 
tures: Kato et al. 2000b; Kato, Haseda 2000; Kato, 
Nakamura 2001; Nakano ct al. 2001; M. Uemura et al. 
in preparation), V1548 Aql (Nova Aql 2001, slow nova 
initially reported as a more usual variable star: Uemura 
et al. 2001e; Kato, Takamizawa 2001), V1178 Sco (Nova 
Sco 2001, object originally confusedly reported to be a 
novalike object, later turned out to be a genuine nova 
with early stage oscillations: Haseda et al. 2001; Kanatsu 
et al. 2001; Kato, Fujii 2001), V2540 Oph (Nova Oph 2002, 
large-amplitude slow nova with strong post-outburst oscil- 
lations: Seki et al. 2002; Kato et al. 2002q). The VSNET 
Collaboration also joined multiwavelength campaigns on 
novae with satellites (e.g. V4743 Sgr: Wagner et al. 2003). 
The VSNET has recently been relaying discovery, inde- 
pendent and prediscovery detections of novae, as well as 
spectroscopic confirmation and early photometric obser- 
vations: V2274 Cyg (Nova Cyg 2001: Sato et al. 2001), 
V4643 Sgr (Nova Sgr 2001: Kato et al. 2001d), V4740 
Sgr (Nova Sgr 2001 No. 3: West et al. 2001); V4741 Sgr 
(Nova Sgr 2002: Liller et al. 2002a; Liller et al. 2002b), 
V4742 Sgr (Nova Sgr 2002 No. 2: Yamaoka et al. 2002d), 
V4743 Sgr (Nova Sgr 2002 No. 3: Haseda et al. 2002; 
West et al. 2002), V4744 Sgr (Nova Sgr 2002 No. 4: 
Yamaoka et al. 2002b), V4745 Sgr (Nova Sgr 2003: Kato 
et al. 2003g; Kato, Fuju 2003), Possible Nova (2002) in 
NGC 205 (Yamaoka et al. 2002a), Possible Nova (2003) in 
Scutum: (Nakano et al. 2003b). 

The discovery of a very unusual eruptive object (V838 
Mon, Brown et al. 2002; Wagner et al. 2002; Delia Valle, 
lijima 2002) was relayed through the VSNET alert sys- 
tem during its early stage of eruption, enabling early-stage 
observations (Bedient 2002a; Bedient 2002b). The iden- 
tification of the object with CSC, IRAS and 2MASS ob- 
jects was reported (Kato et al. 2002s). The early stage of 
this object was most unusual, showing an M-type spec- 
trum at outburst maximum. On 2002 February 2, the 
object underwent a second major brightening, which was 
quickly relayed via the VSNET alert system worldwide, 
and the star became world-popular within a day. The ob- 
ject subsequently showed a prominent light echo when it 
faded (by the obscuration by the forming dust). There 
have been a number of works based on these observations 
(Kimeswenger et al. 2002; Munari et al. 2002; Goranskii 
et al. 2002; Sobotka et al. 2002; Bond et al. 2003; Crause 
et al. 2003; Wisniewski et al. 2003), which more or less em- 
ployed VSNET observations and findings when discussing 
the peculiarity of this object. The origin of this eruption 
is still a mystery. Based on an idea proposed by Soker, 
Tylcnda (2003), Kato (2003a) tried to explain the histor- 
ical mysterious eruption of CK Vul. 
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6.2.2. Recurrent Novae and Supersoft X-Ray Sources 

The last two decades have dramatically changed our 
view of recurrent novae. The discovery of recurrent 
outbursts of V394 CrA in 1987 (Liller et al. 1987; 
Duerbeck 1988; Sekiguchi et al. 1989), V745 Sco in 1989 
(Liller 1989; Duerbeck 1989; Sekiguchi et al. 1990b), 
V3890 Sgr in 1990 (Jones, Pearce 1990; Gonzalez- 
Riestra 1992; Harrison et al. 1993) and Nova LMC 1990 
No. 2 (Sekiguchi et al. 1990a; Shore et al. 1991) resulted 
in a dramatic increase of our knowledge in recurrent novae 
(cf. Shara 1989; Anupama 1992; Sekiguchi 1995). 

Another epoch of recurrent nova discoveries arrived like 
a flurry in the late 1990's and early 2000's. All of these 
recurrent nova outbursts were mediated via VSNET and 
followed in detail. The initial object in this series of re- 
current nova outbursts was U Sco in 1999, whose early 
history was described in detail in subsection 4.1. This 
outburst of U Sco first enabled eclipse observations in 
real time during outburst [the eclipsing nature of U Sco 
was revealed only in 1990 (Schaefer 1990); the 1999 out- 
burst was the first outburst since this discovery; see also 
Kato (19991) for the retrospective detection of an eclipse 
during the 1987 outburst] . This observation led to the first 
detection of the period change in this system (Matsumoto 
et al. 2003b). This finding severely constrained the mass- 
transfer rate in quiescence (Hachisu et al. 2000a; Hachisu 
et al. 2000b), which makes U Sco the most promising can- 
didate for an immediate precursor of a type-la supernova 
(Hachisu et al. 2000a). 

The next object in this series was CI Aql. This object 
had long been suspected to be a dwarf nova based on the 
(apparently) small outburst amplitude of the 1917 out- 
burst (Duerbeck 1987). Based on this potential identifica- 
tion, the object had been monitored by amateur variable 
star observers, notably by VSOLJ members and by mem- 
bers of the Recurrent Object Programme (see subsection 
6.1). The proposed quiescent counterpart, however, was 
found to be an eclipsing binary which did not show CV 
characteristics (Mennickent, Honeycutt 1995). The same 
conclusion had been reached with snapshot spectroscopy 
(Szkody, Howell 1992), showing no indication of hydrogen 
emission lines. With this information, almost all observers 
stopped monitoring for an outburst, although there was 
the unexplained presence of a Hell emission line (Greiner 
et al. 1996). 

The news of a possible nova detection by Kesao 
Takamizawa on films taken on 2000 April 28 arrived at 
the VSNET on April 29. The reported position was ex- 
tremely close to that of CI Aql. Minoru Yamamoto in- 
dependently detected this phenomenon, and reported it 
to be a brightening of CI Aql. After careful examination 
of the identification, this possible nova is identified as a 
recurrent outburst of CI Aql, 83 years after the 1917 dis- 
covery (Takamizawa et al. 2000; Yamaoka et al. 2000).™ 
The nova-type nature of the outburst was soon clari- 
fied with spectroscopy (Uemura, Kato 2000), confirm- 

™ The object was later found to be positively recorded one day 
earlier (Liller 2000). An outburst in 1941-1942 was also later 
found in the plate archive (Schaefer 2001). 



ing that CI Aql is a new recurrent nova. Being already 
known as an eclipsing binary, the evolution of the out- 
burst light curve and the eclipse profile were precisely fol- 
lowed (Matsumoto et al. 2001; Matsumoto et al. 2003a). 
In particular, a dip-like sudden fading in 2000 November 
was noted (Matsumoto, Kato 2000). With these obser- 
vational constraints, Hachisu, Kato (2001) succeeded in 
modeling the light curve, which was further refined and 
extended (Hachisu, Kato 2003b; Hachisu, Kato 2003c) to 
explain the unique high/low transitions in the supersoft 
X-ray source RX J0513.9-6951 in the LMC. Its galac- 
tic counterpart. V Sge, has been very recently identified 
(Hachisu, Kato 2003a). These objects are now considered 
to be promising candidates for precursors of type- la super- 
novae (e.g. Hachisu et al. 1999b; Hachisu, Kato 2003c; for 
earlier and other suggestions, see e.g. Hachisu et al. 1989; 
Hachisu et al. 1996; della Valle, Livio 1996; Hachisu 
et al. 1999a). The discoveries and modern detailed obser- 
vations of U Sco and CI Aql outbursts thus provided firm 
observational evidence for recurrent novae and supersoft 
X-ray sources as immediate precursors of type-la super- 
novae. Other representative works (outside the VSNET) 
on CI Aql include photometry (Schmeja et al. 2000), spec- 
troscopy (Kiss et al. 2001; Burlak, Esipov 2001), Chandra 
X-ray observation (Greiner, Di Stefano 2002), modeling 
(Lederle, Kimeswcnger 2003), re-cxamination of the 1917 
outburst (WiUiams 2000). 

The next discovery of the series was on IM Nor (possi- 
ble nova in 1920) in 2002 January. The outburst detec- 
tion by William Liller (Liller 2002) was quickly relayed to 
the VSNET, and enabled early astrometric work to first 
firmly identify the quiescent counterpart and its recurrent 
nova nature (Duerbeck et al. 2002; Retter et al. 2002). 
The light curve of IM Nor was published more than 
50 years after the 1920 outburst (Elhot, Liller 1972). 
There had been a suggestion of identification with the 
UHURU X-ray source 2U 1536—52, which was later con- 
firmed to be spurious (Wyckoff, Wehinger 1979, see also 
Kato 2002g). Ahhough the outburst fight curve in 1920 
resembled that of a slow recurrent nova T Pyx (Elliot, 
Liller 1972). the unusually faint quiescence inferred from 
Wyckoff, Wehinger (1979) had been a mystery. The ex- 
act identification with a new outburst solved this mystery, 
by the detection of a considerable variation in quiescence 
(Kato et al. 2002t). This suggestion was later confirmed 
by the detection of a short period variation with eclipse- 
like fadings (Woudt, Warner 2003a). Kato et al. (2002t) 
suggested, from the light curve and spectroscopic appear- 
ance, that both CI Aql and IM Nor are members of a 
new class of recurrent novae having intermediate proper- 
ties between classical novae and fast recurrent novae. 

6.3. Other Cataclysmic Variables 

6.3.1. Intermediate Polars 

Intermediate polars (IPs), which are a class of mag- 
netic CVs (MCVs) having a magnetic white dwarf asyn- 
chronously rotating with the orbital motion (sometimes 
referred to as DQ Her stars: for recent reviews, see 
e.g. King, Lasota 1990; Patterson 1994; Helher 1996; 
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Buckley 2000; chapters 8 and 9 in Hellier 2001a). 
Although many "classical" IPs are novalike systems with 
thermally stable accretion disks, there are a number of 
IPs showing transient outbursts. Some of them look like 
dwarf novae (subsection 6.1), including well-known ob- 
jects such as GK Per (Watson et al. 1985; Bianchini 
et al. 1986; Hutchings, Cote 1986; Norton et al. 1988; 
Patterson 1991), DO Dra (sometimes called YY Dra, 
see Kholopov et al. 1985b, Kholopov, Samus 1988 for 
the official nomenclature, Patterson et al. 1992; Haswell 
et al. 1997), EX Hya (Warner, McGraw 1981; Jablonski, 
Busko 1985; Hcise et al. 1987; Hellier et al. 1987). There 
has been a long-standing discussion whether these IP 
outbursts originate from disk-instabilities or from mass- 
transfer bursts (Hellier et al. 1989; Hellier, Buckley 1993; 
Hellier et al. 2000). The modern understanding is that at 
least some of them are better understood as mass-transfer 
events (TV Col: Hellier, Buckley 1993), while others can 
be understood as disk-instability events (GK Per: Kim 
et al. 1992; Yi et al. 1992). 

Rapid circulation of outburst alerts are extremely im- 
portant for short-period systems, because these IP out- 
bursts are usually very brief (usually less than 1 d) 
and require prompt follow-up observations (e.g. TV 
Col: Szkody, Mateo 1983; Szkody, Mateo 1984; Schwarz 
et al. 1988; Helhcr, Buckley 1993; Retter et al. 2003, EX 
Hya: Bateson et al. 1986; Batcson, Jones 1987; Bond 
et al. 1987; Fujino et al. 1987; HeUier et al. 1989; Reinsch, 
Beuermann 1990; Jones 1994; Hellier ct al. 2000, DO 
Dra: Wenzel 1983b; Wenzel 1983a; Hurst et al. 1985; 
McNaught et al. 1985; Hazen 1986; Dyck, Schmeer 1988; 
Kato, Dyck 1988). Although these outburst detections 
have historically been relayed via lAUCs, they were not 
usually rapid enough to enable early-stage observations of 
these outbursts. The VSNET Collaboration has played 
a role in detecting, and rapidly relaying these IP out- 
bursts. Since IP outbursts tend to cluster (cf. Bateson 
et al. 1986, M. Uemura et al. in preparation), rapid elec- 
tronic announcements of these outbursts have dramat- 
ically increased the chance of detailed follow-up obser- 
vations, including simultaneous observations with satel- 
lites. The most remarkable recent example includes X- 
ray/optical simultaneous observations of two outbursts of 
DO Dra (Szkody et al. 2002b), whose optical coverage was 
based on observations by the VSNET Collaboration. 

The IP outbursts for which the VSNET Collaboration 
played an important role of early notification include 
GK Per in 1996 (Ishida et al. 1996; Moralcs-Rueda 
et al. 1996; Nogami ct al. 2002), in 1999, whose occurrence 
was notably predicted by a VSNET member, Tsutomu 
Watanabe (vsnet-future 2),^^ and real rise observed in 
detail by the VSNET Collaboration (vsnet-alert 2652). 
These two outbursts were of special importance because 
detailed modern time-resolved CCD observations set a 
stringent limit on the expected occurrence of eclipses dur- 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnot/Mail/ 
vsnet-future / msg00002. html) . 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/alert2000/ 
msg00652.html). 



ing outburst (Kim et al. 1992). These outbursts also pro- 
vided an opportunity to study time-resolved spectroscopy 
of the QPOs (Moralcs-Rueda et al. 1996), as well as 
X-ray/optical detections of long-period QPOs (Moralcs- 
Rueda et al. 1999; Nogami et al. 2002). Muhicolor obser- 
vations of the 1996 outburst also provided observational 
constraints on the outburst models (Nogami et al. 2002). 
The 2002 outburst of GK Per provided an opportunity 
to study magnetic accretion (Bianchini et al. 2003). The 
long-term visual data, including the data reported to the 
VSNET, have been used for analysis of outburst proper- 
ties (Simon 2002). 

In most recent years, the VSNET Collaboration 
has succeeded in characterizing outburst properties of 
the unusual short-period intermediate polar HT Cam 
(Tovmassian et al. 1998). The outbursts are extremely 
brief (Watanabe 1998b), showing precipitous declines dur- 
ing the late part of outburst. From the time-difference of 
outburst maximum and the maximum appearance of IP 
pulses during the 2001 outburst, Ishioka et al. (2002a) con- 
cluded that the outburst was triggered by a dwarf nova- 
type disk instability phenomenon. The existence of a pre- 
cipitous later decline can be explained by the truncation of 
the inner accretion disk. The 2001 outburst of HT Cam 
was also studied by another group (Kemp et al. 2002). 
The outburst of HT Cam thus has been one of milestones 
in the study of IP-dwarf nova relation. 

Kato, Starkey (2002) reported short-period, nearly co- 
herent, QPOs in V592 Gas, a nova-like star in the period 
gap. This object has been suggested to be a unique object 
in the period gap showing both properties of superhumps 
and occasional IP-like, nearly coherent, photometric oscil- 
lations. Several other dwarf novae have been suspected of 
IP-type signature, and were briefly discussed in the rele- 
vant parts of subsection 6.1. 

6.3.2. Polar s 

Bright polars (MCVs with synchronously rotating white 
dwarfs) have been regularly monitored by the VSNET 
Collaboration. Many polars, notably AM Her (figure 9) 
and V834 Gen, occasionally show low states, whose occur- 
rence has been notified through the VSNET alert system. 
Long-term CCD monitoring of faint polars have been reg- 
ularly reported by Berto Monard. 

Coordinated multi-wavelength observations have been 
conducted on several occasions. The targets include AM 
Her, AR UMa, ST LMi, VV Pup, AN UMa and EF Eri. 
Some of these collaborative studies has been already pub- 
lished as a solid paper (Hoard et al. 2002a). 

6.3.3. VY Scl-Type Stars 

VY Scl-type stars are novalike CVs with occasional low 
states, or fading episodes (cf. Warner 1995b; Robinson 
et al. 1981; see figure 10 for the VSNET light curve 
of MV Lyr). In some systems, these low states occur 
very infrequently (the best example being TT Ari: Bortle 
et al. 1980; Fuhrmann 1981; Shaffer ct al. 1982; Hudcc 
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Fig. 9. Light curve of AM Her from VSNET observations. 
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Fig. 10. Ligiit curve of tlie VY Scl-type star MV Lyr from VSNET observations. 



et al. 1984; Shatter et al. 1985; Hutchings, Cote 1985). '^^ 
Such low states provide a unique opportunity to study 
the white dwarf atmosphere or to directly detect the 
secondary star (e.g. Jameson et al. 1982a; Jameson 
et al. 1982b). From the viewpoint of disk- instability 
model, the decreasing mass-transfer rate would produce a 
dwarf nova-type disk instability if there is no special mech- 
anism to suppress the instability (Honeycutt et al. 1994; 
King, Cannizzo 1998). Observations, however, tend to 
show smooth monotonous declines (Honeycutt et al. 1994; 
Greiner 1998). This makes a clear contrast to the "low 
states" in dwarf novae (cf. 6.1.6). There must be a mech- 
anism in VY Scl-type stars to somehow thermally stabliz- 
ing the disk when the mass-transfer is reduced (cf. Leach 
et al. 1999). Dense observational coverage of VY Scl-type 
stars is therefore highly needed immediately after the start 

Although there was an interpretation of this object as a Z Cam- 
type dwarf nova permanently at standstill (Krautter et al. 1981), 
which was adopted by the GCVS team, it is generally considered 
as a VY Scl-type star with an occasional dramatic decrease of 
mass-transfer. 



of their declines. 

It is also known that VY Scl-type stars tend to show 
superhumps (cf. Patterson 1999). Since the mass- 
ratios {q) of VY Scl-type stars arc not usually consid- 
ered sufficiently small to enable excitation of the 3:1 reso- 
nance to produce superhumps (cf. Hirose, Osaki 1990; 
Wood et al. 2000; Whitehurst, King 1991; Molnar, 
Kobulnicky 1992; Murray 1998), there is apparently the 
need for an explanation of the cause of the superhumps. 
Murray et al. (2000) considered the variation in the mass- 
transfer rate in VY Scl-type stars, and presented a work- 
ing hypothesis why VY Scl-type stars, with intermediate 
q, can show superhumps. This hypothesis also needs to be 
tested by more observations of VY Scl-type stars during 
different brightness states. 

The VSNET Collaboration succeeded in early announc- 
ing a rare fading of V751 Cyg, whose VY Scl-type na- 
ture was suspected more than 20 years ago (Robinson 
et al. 1974) but had no comparable fading in recent years. 
The 1997 fading of V751 Cyg was originally reported to 
the VSNET by Laszlo Szentasko, and its progress was fol- 
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lowed in detail by the VSNET Collaboration members, 
notably with CCD photometry at Ouda Station. This 
fading not only presented authentication of V751 Cyg as 
a genuine VY Scl-type star, but also enabled X-ray ob- 
servations whieh led to the discovery of transient super- 
soft X-ray emission (Greiner et al. 1999; Greiner 2000). 
This observation, suggesting a possible extension of lu- 
minous supersoft X-ray sources (SSXS) toward a less- 
massive white dwarf, led to a revolutionary change in our 
view of VY Scl-type stars. Other rare low states of VY Scl- 
type stars announced through the VSNET Collaboration 
include LQ Peg (=PG 2133+115) in 1999 (the second his- 
torical fading: Watanabe 1999a; Kato, Uemura 1999a; 
Schmidtke et al. 2002) and BZ Cam in 1999 (the sec- 
ond historical fading: Watanabe 2000; Watanabe 2001; 
Kato, Uemura 2001b; Greiner et al. 2001). The 1999 fad- 
ing of BZ Cam is notable in that transient superhumps 
were detected during the fading (Kato, Uemura 2001b), 
which may give support for the explanation by Murray 
et al. (2000). 

The VSNET Collaboration also succeeded in presenting 
the first-ever light curve of V504 Gen (Kato, Stubbings 
2003), which has been suspected to be a VY Scl-type star 
from spectroscopy (Kilkenny, Lloyd Evans 1995), but had 
no solid photometric record qualifying the VY Scl-type 
nature. 

Well-known VY Scl-type stars, such as MV Lyr, 
have long been best-observed targets by the VSNET 
Collaboration. Some of these long-term observations were 
employed to qualify the light curves of VY Scl-type stars 
(Greiner 1998). The well-known VY Scl-type star KR 
Aur was intensively studied by the VSNET Collaboration 
(Kato et al. 2002g), which led to the detection of short- 
term variations having power-law type temporal proper- 
ties. 

The other notable object is V425 Gas, whose low 
state in 1998 was announced by Timo Kinnunen through 
the VSNET, which led to our own discovery of short- 
term (2.65 d), large- amplitude (up to 1.5 mag) variations 
(Kato et al. 2001s). Such a type of variation had never 
been never in any class of hydrogen-rich CVs, and Kato 
et al. (2001s) suggested that they are dwarf nova-type in- 
stabilities in a moderately stabilized disk. This discovery 
was introduced as the "shortest period dwarf nova" in 
Astrophysics in 2002 (Trimble, Aschwanden 2003). 

6.4- X-Ray Binaries and X-Ray Transients 

X-ray binaries are close binary systems which consist of 
a compact object and a normal star. The mass accretion 
from the normal star onto the compact object generates 
strong X-ray emission. A number of X-ray binaries have 
been discovered as transients (cf. Liu et al. 2001). Their 
outbursts can be observed in all wavelengths, hence si- 
multaneous multi-wavelength observations have played a 
key role to reveal the nature of X-ray binaries and X-ray 
transients (e.g. Orosz, Bailyn 1997; Hynes et al. 2000). 
Their outburst cycle is generally longer than a year, and 
in some cases, longer than decades. Prompt observations 
of an early outburst phase are hence important. The 



VSNET has been providing information about X-ray tran- 
sients which enables prompt observations, not only for op- 
tical observers, but also for X-ray, UV, IR, and radio ob- 
servers. Besides these recent studies, the earliest work by 
the authors include infrared quiescent observation of V404 
Cyg = GS 2023-^338 (Kato, Hirata 1990b), which first re- 
vealed the existence of the photometric period of 5.76 hr. 
Another outstanding early result was the discovery of su- 
perhumps and orbital variation in the outbursting X-ray 
transient GRO J0422+32 = V518 Per (Kato et al. 1992b; 
Kato et al. 1993a; Kato et al. 1995b). This observation 
has been one of the most comprehensive studies of super- 
humps in "classical" soft X-ray transients up to now (cf. 
O'Donoghue, Charles 1996). 

Here we focus on the soft X-ray transients for which 
the VSNET collaboration conducted intense world-wide 
campaigns. Soft X-ray transients are also called X-ray no- 
vae, whose common characteristics were established in the 
mid-1990's (Tanaka, Lewin 1995; Chen et al. 1997): Their 
light curves are typically described with a Fast Rise and 
an Exponential Decay (FRED). The e-folding time is 30- 
40 d during the decay phase. In the FRED-type outburst, 
a reflare, or a secondary maximum is observed ~ 50 d af- 
ter the outburst maximum. The outbursts are considered 
to occur due to a sudden increase of mass accretion rate 
in an accretion disk (Mineshige, Wheeler 1989; Huang, 
Wheeler 1989). Radial velocity studies of the secondary 
star have revealed that a dozen of soft X-ray transients 
contains stellar-mass black holes. Soft X-ray transients 
thus provide an ideal laboratory of the accretion physics 
onto the black hole, and they are called black hole X-ray 
transients. 

In the framework of classical soft X-ray transients, 
the optical and X-ray emissions originate from the outer 
and the inner region of the accretion disk, respectively. 
Simultaneous optical and X-ray observations therefore en- 
able us to study the evolution of the accretion disk and 
the mechanism of its activity. The VSNET collaboration 
enables us to obtain dense samples throughout outbursts. 
With these observations, we summarize the progress of 
studies of classical soft X-ray transients in subsection 
6.4.3. 

On the other hand, several recent transients have ex- 
hibited characteristics which are difficult to explain within 
the classical framework. The prompt observations by the 
VSNET collaboration has played an important role, in 
particular, for the research on the luminous fast tran- 
sients (Uemura et al. 2002h) and rapid optical varia- 
tions (Uemura et al. 2000c; Uemura et al. 2002d; Uemura 
et al. 2004a). We summarize our studies on these new 
classes of activity in subsections 6.4.1 and 6.4.2. 

6.4-1- Fast X-ray transients, V464I Sgr and CI Cam 

It has been proposed that the outburst of classical soft 
X-ray transients is induced by thermal instability of the 
accretion disk (Mineshige, Wheeler 1989; Huang, Wheeler 
1989). This model can explain the large e-folding time 
during their decay phase by considering a strong X-ray 
irradiation which stabilizes the outer disk. This standard 
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picture cannot, however, explain two atypical outbursts, 
that is, the fast transients V4641 Sgr (Hjellming et al. 
2000; Uemura ct al. 2002h) and CI Cam (Belloni et al. 
1999). Their outburst duration was only a few days, which 
is too short to be interpreted with the viscous decay of the 
classical soft X-ray transients. 

On 1998 March 31, the All-Sky Monitor (ASM) of the 
Rossi X-Ray Timing Explorer (RXTE) detected a new X- 
ray transient named XTE J0421-h560 (Smith et al. 1998). 
We were among the first to point out the presence of a sup- 
posed symbiotic star CI Cam (Bergner et al. 1995) within 
the error (vsnet-alert 1621).^^ This information was im- 
mediately relayed to X-ray and optical observers through 
the VSNET, and the proposed identification was securely 
confirmed with the discovery of an out bursting object at 
the location of CI Cam (Hjellming, Mioduszewski 1998). 
Contrary to classical X-ray transients, this object started 
a rapid fading with an e-folding time of ~ 0.5 d just after 
outburst maximum (BcUoni ct al. 1999). Its X-ray spec- 
trum can be described by an absorbed power-law model 
with high-energy cutoff, which is atypical for X-ray tran- 
sients (Belloni et al. 1999). Optical observations reported 
to the VSNET show that CI Cam brightened to 8.8 mag 
on April 3,^^ and faded by ~ 2 mag within two days. 
Spectroscopic observations revealed that CI Cam is a B[e]- 
X-ray binary (Belloni et al. 1999). The nature of the com- 
pact object is still unknown (Belloni et al. 1999; Orlandini 
et al. 2000; Hynes et al. 2002; Robinson et al. 2002). The 
VSNET Collaboration further obtained quiescent observa- 
tions, which revealed the presence of weak activity (Kato, 
Uemura 2001d). 

V4641 Sgr is a variable whose optical spectrum is that 
of an A-type star (Downes ct al. 1995; note that the ob- 
ject was not correctly identified in the literature until we 
published a rehable chart, see subsection 2.2). In 1999 
August, Tsutomu Watanabe, a member of the VSOLJ, 
noticed that the object entered an active state in the op- 
tical range (Watanabe 1999b). This state was character- 
ized by the presence of large-amplitude variation having 
a possible periodicity of 2.5 d (Kato ct al. 1999c). On 
September 15, the state was terminated by a short out- 
burst reaching 8.8 mag independently detected by Rod 
Stubbings and the Kyoto team, following Berto Monard's 
detection of a brightening preceding this event (vsnet-alert 
3475, 3477, 3478; Stubbings, Pearce 1999). All these re- 
ports were immediately circulated through the VSNET 
alert network; the resultant vigil eventually enabled the 
historical detection of this perfectly unexpected giant out- 
burst. 

Following our notification, a corresponding X-ray out- 
burst was found in the backlog recorded with the 
RXTE/ ASM; the X-ray outburst was not discovered 
"real-time" even with X-ray all-sky monitor. The X-ray 

See (http://www.kusastro.kyoto-u.ac.jp/vsnct/Mail/ 
alert 1000 /msg0062 1 . html) . 
"^^ See (http://www.kusastro.kyoto-u.ac.jp/vsnct/Xray/ 
cicam.html). 

"^^ See (http://www.kusastro.kyoto-u.ac.jp/vsnct/Xray/ 
gmsgr.html) for the full story. 



outburst, after reaching an astonishing flux of 12 Crab at 
the X-ray maximum, rapidly faded and returned to the 
pre-outburst level within only 2 hours (Smith et al. 1999). 
The duration of the optical outburst was also short (~ 5 
d) (Uemura et al. 2002h). The VSNET collaboration 
team performed prompt observation of this short X-ray 
outburst, and revealed that the optical variation exhib- 
ited anti-correlation against the X-ray variation (Uemura 
et al. 2002h). Spectroscopic observations revealed that 
V4641 Sgr consists of a black hole and a late B-type star 
(Orosz et al. 2001). As reported below. V4641 Sgr expe- 
rienced active phases in the next couple of years (Uemura 
et al. 2002d; Uemura et al. 2004a; Rupen et al. 2003), 
however, no comparable outburst to the 1999 September 
giant one has been yet observed. 

While their binary components are totally different, the 
short outbursts of V4641 Sgr and CI Cam have several 
common characteristics: First, spatially resolved radio 
jets were associated with the outburst in both systems 
(Hjellming et al. 1998; Hjellming et al. 2000). Second, 
the peak luminosities reached the Eddington luminosity 
(Robinson et al. 2002; Revnivtsev et al. 2002b). Their 
high luminosity implies that supercritical accretion oc- 
curred. Since the matter falls with almost free-fall time 
scale in the supercritical accretion, the problem of the 
short duration of the outbursts can be reconciled. The 
optical-X-ray anti-correlation of V4641 Sgr may be un- 
derstood with the scenario that the optically-thick super- 
critical accretion flow absorbed the X-ray emission and 
re-emitted the optical emission (Revnivtsev et al. 2002a; 
Uemura et al. 2002h). It is, however, still unknown how 
the supercritical accretion was induced. 

6.4-2. Short-term, non-thermal optical variations 

In the classical picture, the optical emission is ther- 
mal emission from the outer portion of the accretion disk 
where the temperature is relatively low (~ lO'' K). The 
observed time scale of optical variations is hence long, 
such as superhumps (e.g. O'Donoghue, Charles 1996) and 
orbital period variations (e.g. Kato et al. 1995b). The 
black hole binary system, GX 339-4 is, however, known 
to show rapid optical variations of the time scale of sec- 
onds (Motch et al. 1982; Motch et al. 1983). Such short 
time scale variations indicate that they originate from an 
inner portion of the accretion flow. They are proposed 
to be cyclo-synchrotron emission from the inner region 
(Motch et al. 1982), however, the mechanism to gener- 
ate the emission and variations is poorly known. The 
VSNET collaboration team has recently observed optical 
rapid variations of two sources, that is, XTE J1118-f 480 — 
KV UMa (Uemura et al. 2000c) and V4641 Sgr (Uemura 
et al. 2002d; Uemura et al. 2004a). 

XTE J1118-F480 was discovered with the RXTE/ ASM 
on 2000 March 29 (RemiUard et al. 2000). We discov- 
ered an optical counterpart at 12.92 mag on March 30 
(Uemura et al. 20001). The optical light curve showed 
so many fluctuations that Uemura et al. (2000c) sug- 
gested the presence of optical rapid variations. Spruit, 
Kanbach 2002 detected optical short-term (a few tens of 
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Fig. 11. "Optical flash" from V4641 Sgr observed on 2002 July 7. 



seconds) variations which correlate with the X-ray vari- 
ations. These rapid optical variations are also proposed 
to be synchrotron emission from the inner accretion flow 
(Spruit, Kanbach 2002). Since XTE J1118-^-480 remained 
at a low/hard state throughout the outburst, the inner 
region is considered to be filled not by the standard disk, 
but by the advection dominated accretion flow (ADAF: 
Narayan, Yi 1994). In the ADAF region, the gas den- 
sity is so low that the magnetic pressure is dominant 
(Mineshige et al. 1995). The optical rapid variations are 
probably generated at shock regions in such an inner re- 
gion, which are formed by magnetic reconnections or col- 
lisions of blobs in the magnetically-dominated accretion 
flow (Uemura et al. 2002d). 

After the luminous, short outburst in 1999 September, 
V4641 Sgr experienced a new active phase in 2002 and 
2003. The VSNET coUaboration succeeded in detecting 
rapid optical variations during the 2002 active state (fig- 
ure 11), whose detailed features and interpretation are 
reported in Uemura et al. (2004a) in this volume. 

6.4-3. Classical soft X-ray transients 

Superhumps, which have been originally studied in SU 
UMa-type dwarf novae, are also observed in soft X-ray 
transients (e.g. O'Donoghue, Charles 1996). To observe 
the evolution of superhumps was difficult in the case of 
soft X-ray transients because of their rare outbursts, rel- 
atively long orbital period, and long durations of out- 
bursts made a dense sampling throughout outbursts diffi- 
cult. Our intense campaign of XTE J1118-I-480, however, 
first revealed the evolution of superhumps in soft X-ray 
transients (Uemura et al. 2002g). The superhump period 
was first 0.43% longer than the orbital period, and then 
decreased during the main outburst. Superhumps in SU 
UMa-type dwarf novae also exhibit this behavior, which 
can be interpreted by the contraction of the elliptical ac- 



cretion disk (Osaki 1985) or the inward propagation of the 
eccentricity wave (Lubow 1992). 

It is proposed that the reflare is induced by the growing 
tidal dissipation (Ichikawa et al. 1994; Truss et al. 2002). 
This model was developed based on the fact that su- 
perhumps appeared only after the reflare (O'Donoghue, 
Charles 1996). On the other hand, superhumps appeared 
even before the reflare in XTE Jl 118-1-480 (Uemura 
et al. 2002g). The VSNET collaboration obtained a dense 
sample around the reflare of XTE J1859-I-226, which is re- 
ported in Uemura et al. 2004c in this issue. We detected 
periodic variations, which may be superhumps, even be- 
fore the reflare of XTE J1859-f 226. These observations 
are unfavorable for the above scenario for the reflare. It 
is also proposed that strong X-ray irradiation onto the 
outer accretion disk may induce the reflare (e.g. King, 
Ritter 1998). 

6.4.4- High-Mass X-Ray Binaries 

SS 433 = V1343 Aql is an active high-mass X-ray bi- 
nary (HMXB) with relativistic jets, and the nature of the 
binary system is still mysterious in many aspects. Its 
optical magnitude is frequently monitored by VSNET ob- 
servers, and remarkable (brightening or fading) behavior 
is reported via v suet- campaign- xray when it occurs. 

In 1995, 1998, and 2000, simultaneous multi- wavelength 
observations were organized by the ASCA team of RIKEN 
(N. Kawai et al., in preparation) in order to determine an 
accurate ephemcris of the eclipse and to compare light 
curves in the X-ray and optical wavelengths, which yield 
a clue to understand the emitting regions in the binary 
system. In these campaigns, VSNET played the role of a 
medium for exchanging information on the optical parts, 
such as calls for optical information, explanation of the 
background, and practical conditions and notes for obser- 
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vation (e.g. vsnet 103, for the 1995 campaign). 

6. 5. Supernovae 

Our contributions to the spectroscopic type deter- 
mination of supernovae are summarized in table 1. 
Confirmatory observations, identifications and similar ac- 
tivities reported in lAUCs are also listed in table 2. We 
also run the mailing list vsnet-campaign-sn,'^^ which is now 
widely known as the most reliable and up-to-date informa- 
tion of supernovae. The "Latest Supernovae" page (sub- 
section 3.3) has been collaborating with it, which also pro- 
vides USNO-A2.0 (Monet et al. 1998b) based charts made 
by Odd Trondal for almost every supernova brighter than 
20th magnitude. The charts gives blue and red magni- 
tudes for photometric reference stars, the latter ones have 
been widely used for "CR" measurements (see Appendix 
2.1). 

Besides objects described in the subsections 1.3 and 5.4, 
here we mention here remarkable examples. 

SN 1997ef in UGC 4107 was discovered by Yasuo Sano, 
one of the most active participants of VSNET (Nakano 
et al. 1997). It was originally announced as "possible 
supernova" , because its spectra was quite unusual and 
could not convincingly be classified as that of a supernova 
(Garnavich et al. 1997b). Further spectroscopic observa- 
tions revealed that it was likely an explosion with massive 
(several Mq) ejecta. The object consequently received 
the designation of SN 1997ef (Hu et al. 1997, Fifippenko, 
Martin 1997). Filippenko, Martin (1997) and Garnavich 
et al. (1997a) suggested that it was likely be an explo- 
sion of a stripped very massive star, a suggestion sup- 
ported by theoretical modefing (Iwamoto et al. 2000). It 
is the first example of the so-called "type-Ic hypernova" , 
a concept developed after the suggested association SN 
1998bw with GRB 980425 (Galama et al. 1998, Iwamoto 
et al. 1998), SN 2002ap (see subsection 5.4), and the un- 
ambiguous identification of the supernova signature (SN 
2003dh) in GRB 030329 (see subsection 6.15). 

SN 1997ei was discovered by Masakatsu Aoki (Nakano, 
Aoki 1997) in NGC 3963. The first spectroscopy re- 
ported in lAUC indicated that it is a type-la supernova 
(Garnavich et al. 1997c). Our spectroscopy showed some 
peculiarity, then we reported that it could be a pecu- 
liar type-la supernova (Ayani, Yamaoka 1997). From 
later spectroscopic observations, it finally turned out to 
be a type-Ic supernova (Wang et al. 1998, Fihppenko, 
Moran 1998). 

The SN 1998T case taught us the importance of identi- 
fication. It was produced in a pair of interacting galaxies, 
and some catalogues of galaxies gave discrepant designa- 
tions for them. The blobby nature of the host galaxies also 
led to misidentifications of the supernova. The discussion 
on vsnet-chat, including the consultation of the NGC/IC 
project led us to a correct identification of the galaxy, 

"^"^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/vsnct/ 

msg00103.html). 
^® (http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 

vsnet-campaign-sn / msg00785 . html) . 
"^^ (http://www.ngcic.com/). 



which was accompanied by precise astrometry (Yamaoka 
et al. 1998). 

SN 1998bu in M 96 was discovered by Marko ViUi. It 
was the nearest supernova since SN 1993 J in M 81. The 
first spectroscopy reported in lAUC was a high-dispersion 
one, which could only determine the depth of the inter- 
stellar absorption within our Galaxy and the host galaxy 
(Munari et al. 1998). Our spectrum revealed that it is a 
type-la supernova, and this report was naturally posted 
to vsnet-alert 1785^°. It was distributed earlier than the 
relevant lAUC (Ayani et al. 1998), which also included 
other spectroscopy (Meiklc et al. 1998). In response to 
the type determination, the COMPTEL instrument was 
pointed towards SN 1998bu in order to detect the line 7- 
ray of ^^Co decay, which had been detected only from SN 
1991T, the peculiar luminous type-la supernova. Despite 
SN 1998bu is as close to us as SN 1991T, the 7-ray fines 
was not detected (Georgii et al. 2002), which may suggest 
a diversity among type-la supernovae in the line 7-ray, as 
well as in the light curves (Riess et al. 1996) and in the 
spectra (Nugent et al. 1995). 

The first spectroscopic observation of SN 1998es indi- 
cated that it is an intrinsically bright type-la supernova 
like SN 1991T (Jha et al. 1998a). Our report confirmed 
it, giving in addition the spectral evolution and the inter- 
stellar extinction (Ayani, Yamaoka 1998c). 

SN 1999dn was a case similar to SN 1997ei. Our spec- 
trum suggested that it was of type Ic with week Hei 
lines (Ayani et al. 1999). The same lAUC also contained 
two spectroscopic observations, one of which (Turatto 
et al. 1999) reached the same conclusion, but the other 
suggested it was of type la (Qiu et al. 1999). Later spec- 
troscopy revealed that SN 1999dn is an intermediate event 
between type lb and type Ic (Pastorello et al. 1999). 

SN 2000ch was a very subluminous supernova. It was 
originally announced as a variable star in field of NGC 
3432 (Papenkova, Li 2000). We noticed that the ob- 
ject can be seen on the DSS images since 1998 (vsnet- 
chat 2908), ®i (Yamaoka 2000). On the other hand, spec- 
troscopy of this object (Wagner et al. 2000) suggested 
that it is located within NGC 3432. From these find- 
ings, Filippenko (2000) assigned the supernova designa- 
tion of this object, resembling the "type-V" SN 1961V. 
The comment of the discoverer (vsnet-chat 2944)*^ finally 
supported this classification. 

SN 2001bf was yet another example similar to SN 1997ei 
and SN 1999dn. Despite of its low signal-to-noisc ratio, 
our spectrum clearly showed a deep Sill absorption fea- 
ture, from which we estimated that it is a type-la super- 
nova (Kawakita et al. 2001a). Another group suggested 
that it is of type Ic (Phillips, Krisciunas 2001), but the 
later spectral evolution revealed that it is indeed a type- la 
supernova (Chornock et al. 2001). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/alcrtlOOO/ 
msg00785.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/chat2000/ 
msg00908.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/chat2000/ 
msg00944.html). 
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SN 2002ao was a slightly different case. The first re- 
port on lAUC quoted the resemblance with type-IIb su- 
pernovae (Gal- Yam et al. 2002a, Gal- Yam et al. 2002b). 
We estimated that it is of type Ic (Kinugasa et al. 2002d), 
which is consistent with a later report (Filippenko, 
Chornock 2002) indicating the resemblance with SN Ic 
1999cq. The rapid decline (Yamaoka et al. 2002c) of 
SN 2002ao was another common feature with SN 1999cq 
(Matheson et al. 2000). 

Other lAUC issues in relation with the activity of the 
VSNET administrators include lAUC 7033 (SN 1998eg: 
Hurst et al. 1998), lAUC 8101 (SN 2003cg: Hirose, 
Yamaoka 2003), and lAUC 8171 (SN 2003gs: Evans 
et al. 2003). 

6.6. Symbiotic Variables 

Bright symbiotic variables (cf. Allen 1984; Kenyon 
1986; Bclczynski et al. 2000; Munari, Zwitter 2002) have 
been well-observed by many members of the VSNET 
Collaboration (see figure 12). These observations pro- 
vided a number of detections of outbursts and eclipses, 
which were immediately relayed to more specialized re- 
searchers for detailed study. 

The eclipse phenomenon in the outbursting object FN 
Sgr was discovered through the VSNET regular activity. 
This work was summarized by Watanabe et al. (2000). 

The outburst and possible eclipse phenomenon in V343 
Ser = AS 289 was discovered by Kesao Takamizawa (= 
Tmz V17, vsnet-obs 8957)^'' and Minora Wakuda. The 
final publication is by Takamizawa et al. (1998). 

V1413 Aql = AS 338 is another object whose eclipsing 
symbiotic nature (cf. figure 13) was revealed by amateur 
astronomers (Wakuda 1988).*'^ The outbursts and eclipses 
were regularly announced in VSNET, which have been 
followed by a number of researchers (e.g. Esipov et al. 
2000; Kolotilov et al. 2001). 

Kato (2000) reported the similarity of light curves be- 
tween CH Cyg and the supersoft X-ray sources (V Sge 
and RX J0513.9-6951) based on VSNET observations. 

The 1997 and 2000 outbursts of Z And were reported 
in vsnet-alert 938,®^ and vsnet-alert 5232, 5233,^^ respec- 
tively. These outbursts enabled, more or less owing to the 
VSNET alerts, modern observations of this classical sym- 
biotic binary (Sokoloski, Bildsten 1999; Skopal et al. 2000; 
Skopal 2003; Tomov et al. 2003). 

Ishioka et al. (2001d) systematically studied short-term 
variations of V694 Mon = MWC 560. During the en- 
tire period of observations, the object showed pronounced 
flickering activity. This work has been referred to as one 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Symbio/fnsgr. html), 
(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/obs8000/ 
msg00957.html). 

Sec (http://www.kusastro.kyoto-u.ac.jp/vsnct/docs/ 
vl413aql.html) for a full story. See also Schulte-Ladbeck (1985), 
Munari (1992), Munari et al. (1993). 
*® (http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 
vsnet-alert / msg00938 . html) . 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 
alert5000/msg00232.html) and (http://www.kusastro.kyoto- 
u.ac.jp/vsnet/Mail /alertSOOO /msg00233.html) . 



of the most intensive photometric observations of ths pe- 
culiar symbiotic variable (Schmid et al. 2001; see also 
Sokoloski et al. 2001 for a recent survey work). We now 
have a dedicated mailing list for symbiotic stars vsnet- 
symbio^^ for informing about recent activities, particu- 
larly announcements of outbursts and eclipses, of symbi- 
otic variables. 

6. 7. R Coronae Borealis Stars and Related Objects 

R CrB stars are hydrogen-deficient carbon stars 
which show occasional fadings caused by dust forma- 
tion (Clayton 1996). A representative light curve of R 
CrB from VSNET observations is shown in figure 14. 
Early announcements of the fadings of R CrB stars can 
provide the best opportunities to study the formation 
mechanism of dust in these stars. Before the VSNET 
era, these fadings had been only widely announced only 
when the objects had unmistakably faded (typically be- 
low > 1 mag below their usual maximum); the early de- 
cline stage had been usually overlooked. The real-time 
communication via the VSNET public lists broke this 
historical limitation. The most dramatic instance was 
with the first-ever fading of EG Sge (also known as a fi- 
nal helium flash object) in 1992 late August-September 
(cf. history partly recorded in vsnet-history 200, 202). 
It was only when the object had already faded by 1 
mag when lAUCs were issued (Papousek, Granslo 1992; 
Waagen et al. 1992; Woodward et al. 1992). This de- 
tection of a possible fading (1992 August 30) reported 
by Nobuhiro Makiguchi (VSOLJ, see subsection 2.3) was 
immediately attended by a number of world-wide ob- 
servers. This fading was the first one of the series of 
fadings successively occurring up tp now (cf. lijima, 
StrafcUa 1993; lijima 1996; Iben, Livio 1993; Jurcsik 1993; 
Stone et al. 1993; Woodward et al. 1993; Arkhipova 1994; 
Simon 1994; van Genderen 1994; Kipper et al. 1995; van 
Genderen, Gautschy 1995; Arkhipova 1996; Arkhipova, 
Esipov 1996; Arkhipova et al. 1994; Arkhipova et al. 1996; 
Arkhipova et al. 1998b; Arkhipova et al. 1998c; 
Arkhipova et al. 1999a; Kipper, Klochkova 1999b; 
Gonzalez et al. 1998; Jurcsik, Montesinos 1999; Kipper, 
Klochkova 2001). The discovery of the fading in EG Sge 
brought a breakthrough in the understanding of late-time 
low-mass stellar evolution: our understanding of EG Sge 
had been slow and limited before this phenomenon (cf. 
Cowley et al. 1985; Aikawa 1985; Arkhipova et al. 1991; 
although the unusual nature of this object was recognized 
more than 30 yr ago and had long been discussed from 
different standpoints, including binary hypothesis and a 
thermal pulse in stellar evolution (e.g. Kukarkin 1960; 
Eurtig, Wenzel 1962; Herbig, Boyarchuk 1968; Wenzel, 
Eiirtig 1971; Paczynski 1970; Paczynski 1971; Sparks, 
Kutter 1973; Christy-Sackmann, Despain 1974; Langer 
et al. 1974; Cohen et al. 1980; Kurtz 1986; Eeibelman, 
Bruhwciler 1990). It is now widely believed that EG 
Sge, V605 Aql, and V4334 Sgr (cf. subsection 6.2.1), as 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 
vsnet-sy mbio / maillist . html) . 
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Table 1. Spectroscopy of supernovae. 



blN name 


Type 


VbiNrji article 


Relevant iAUO 


Remark 


1995al 


la 


alert 266 


6256 (Ayani, Kawakita 1995) 


see sec. 5.4. 


1997ci 


Ic 


alert 1399 


6800 (Ayam, Yamaoka 1997) 


see text. 


1998an 


la 


alert 1684 


6878 (Ayam, Yamaoka 1998a) 




1998aq 


ia 


alert 1681 


5878 (Ayam, Yamaoka 19980) 




1998bu 


la 


alert 1785 


6905 (Ayam et al. 1998) 


see text. 


1998cs 


la, pec 


alert 2394 


7059 (Ayam, Yamaoka 1998c) 


see text. 


1999bg 


II 


alert 2816 


7137 (Ayam, Yamaoka 1999a) 




1999an 


Ib/c 


alert oo8(J 


7z44 (Ayam et al. 1999) 


see text. 


1999gn 


II 


alert 3842 


7336 (Ayam, Yamaoka 1999b) 




1999gq 


II 


alert 3862 


7339 (Ayam, Yamaoka 1999c) 




2001bf 


la 


alert 5873 


7625 (Kawakita et al. 2001a) 


see text. 


2001 bg 


la 


alert 5871 


7dzz (Kawakita et ai. zUUlb) 




zUUicip 




alert ozyy 


/Doo (iviigiiaiai et ai. zuui) 




2002ao 


Ic 


camp-sn 339 


7810 (Gal- Yam et al. 2002a) 


see text. 


2002ap 


ICjpec 


alert 7120 


7811 (Kinugasa et al. 2002a) 


see sec. 5.4. 


2002bj 


II(n?) 


camp-sn 363 


7844 (Kinugasa et al. 2002e) 


luminous 


2002bo 


Ia 


alert 7241 


7848 (Kinugasa et al. 2002c) 




2002bu 


Iln 


alert 7259 


7864 (Ayani et al. 2002) 




2002fk 


la 


alert 7516 


7976 (Ayani, Yamaoka 2002) 




2003J 


II 


camp-sn 534 


8048 (Ayani et al. 2003) 




2003K 


la 


camp-sn 534 


8048 (Ayani et al. 2003) 





*alert for vsnet-alert, chat for vsnet-chat, 
camp-sn2002ap for vsnet-campaign-sn2002ap, 
camp-sn for vsnet- campaign- sn, 



Table 2. Identification, astrometry and follow-up of supernovae. 



SN name 



VSNET articles* 



Relevant lAUCs 



Remark 



1998T chat 775, 779, 780, 786, 787 

1999et 

2000M alert 4320 

2000P alert 4363, 4365, 4366, 4368, 4369 

2000ch chat 2908, 2941, 2944 



2000cm alert 4944, chat 3035 



2001dp alert 6317 

2002ao alert 7190 

2002ap camp-sn2002ap 154 

2002dm camp-sn 440 

2002ed alert 7441, camp-sn 454 

2003ez 



6859 (Yamaoka et al. 1998) see text. 
7344 (Yamaoka, Yamamoto 2000) 
7373 (Dimai et al. 2000) 
7378 (Colas et al. 2000), 
7379 (corrigendum) 
7415 (Papenkova, Li 2000), see text. 
7417 (Wagner et al. 2000), 
7419 (Yamaoka 2000), 
7421 (Filippenko 2000) 
7436 (Mueller, Rykoski 2000), 

7437 (Jha et al. 2000a), 

7438 (Jha et al. 2000b) 
7683 (Mighardi et al. 2001) 

7836 (Yamaoka et al. 2002c) see text. 
7836 (Yamaoka, Rogers 2002) prediscovery 

7921 (Sanders et al. 2002), 
7923 (Yamaoka, Sanders 2002) 
7940 (Monard, Li 2002), 
7943 (Yamaoka 2002) 
8141 (Papenkova, Li 2003), 
8142 (Yamaoka, Ayani 2003) 



"Abbreviations same as in table 1. 
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Fig. 12. Light curve of CH Cyg from VSNET observations. 
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Fig. 13. Light curve of V1413 Aql from VSNET observations. Deep eclipses are superimposed on a gradual fading from the 1995 
outburst (Elizalde et al. 1995; Munari et al. 1995b. 
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Fig. 14. Light curve of R CrB from VSNET observations. 
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well as some unusual R CrB stars (cf. V348 Sgr, e.g. 
Clayton 2002) comprise a sequence of final helium-flash 
objects (cf. Lawlor, MacDonald 2003). 

The dramatic fading of ES Aql, which had been sus- 
pected to be an R CrB-type star, was first announced 
through the VSNET alert network; Peter Williams was 
the first to detect this object getting fainter than 14.0 
on 2001 March 22. Based on this information, Clayton 
et al. (2002) succeeded in clarifying the R CrB-type na- 
ture of this object. 

The other R CrB-type star recognized through the 
VSNET activity is V2552 Oph = Had V98 (Kato, 
Haseda 2003, Rao, Lambert 2003; see subsection 5.3). 

We now have a dedicated mailing list for R CrB stars 
and related objects vsnet-rcb,^^ which is best employed 
by the researchers of this field. More recent announce- 
ments of rare R CrB-type fadings include the 2003 fading 
of V3795 Sgr (vsnet-rcb 585).^" Although the attempt 
was not very successful, Roscnbush (2001) tried to predict 
future light curve of R CrB using VSNET observations. 

6.8. Be Stars 

Among recent phenomena in Be stars (B-type emission- 
line stars) , the case of 6 Scorpii is still fresh in our memory. 
The star, which had been considered as a non-variable 
B-type star, underwent a dramatic change in 2000 July. 
Sebastian Otero, a VSNET member, visually noticed a 0.1 
mag brightening in S Scorpii and issued an alert through 
the VSNET (vsnet-be 2).^^ The supposed transition to a 
Be star was subsequently confirmed by spectroscopic ob- 
servations (Fabregat et al. 2000). The star further bright- 
ened to a maximum of V ~1.8 around 2000 July 30. Such 
a dramatic change in a bright naked-eye star is extremely 
rare. The only comparable precedent phenomenon was 7 
Cassiopeiae in 1937, which brightened to V ^1.6. This 
news was widely distributed through public news media, 
as originating from the VSNET, and became the one of the 
most popular astronomical phenomena in that year. This 
object, after reaching a temporal minimum just following 
the initial peak, continues to show remarkable activities 
up to 2003 (Otero et al. 2001; Gandet ct al. 2002). On sev- 
eral occasions in 2002 and 2003, the star even brightened 
close to ^^1.5, even slightly surpassing in brightness the 
historical event of 7 Cassiopeiae. 

In the aftermath of this event, visual monitoring of 
bright Be stars has been conducted by a number of 
VSNET members, most intensively by Otero. These ob- 
servations have detected of number of outbursts, e.g. in 
/U, Centauri (cf. Baade et al. 2001) and w Canis Majoris 
(cf. Otero 2002). The VSNET runs dedicated lists on the 
Be-star phenomenon, vsnet-be^'^ and vsnet- campaign-he.'^^ 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-rcb/ 
maillist.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-rcb/ 
msg00585.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-be/ 
msg00002.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-be/ 
maillist.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 



6.9. Wolf-Ray et Stars 

Wolf-Rayet (WR) stars are massive, luminous, and hot 
stars which have lost their hydrogen envelope, and are 
considered to be immediate precursors of some kinds of 
supernovae, and likely GRBs. In spite of their astro- 
physical importance, WR stars were less conspicuous ob- 
jects in terms of optical variability. The only known cat- 
egories of variability in WR stars had been occasional 
short-period obscuration by dust production, instabilities 
in the wind, or possible pulsation (see Williams et al. 1990; 
Williams 1995; Veen et al. 1998 for recent references). 

This situation dramatically changed by the discover- 
ies of the two most actively variable WR stars by the 
VSNET team (WR 104 = Had V82 = V5097 Sgr: Kato 
et al. 2002d, WR 106 = Had V84 = V5101 Sgr: Kato 
et al. 2002c). Both objects were initially reported as vari- 
able stars by Katsumi Haseda, detected during his search 
for novae. The variables soon turned out to be identical 
with known WR stars. In particular, WR 104 is a well- 
known binary consisting of a late-type WR star and an 
OB star. The most remarkable feature in this object is the 
presence of a "dusty pinwhecl nebula" (Tuthill et al. 1999; 
Tuthill et al. 2002) co-rotating with the interferometric bi- 
nary. The importance of the detection of large-amplitude 
optical variation was immediately recognized and com- 
municated via VSNET alert network. Such a large vari- 
ation in WR 104 required a non-classical interpretation 
(Kato ct al. 2002d). With these conspicuous discoveries, 
the VSNET significantly broadened the scope of variabil- 
ity studies of WR stars, and this field is now becoming 
one of the contemporary topics in studying the WR-type 
activity. Combined with the recent advance in CRB as- 
tronomy, the importance of fundamental understanding of 
various phenomena in WR stars will be a matter of key 
importance. 

6.10. Pre-main Sequence Stars 

Some pre-main sequence stars show dramatic outbursts 
(FU Ori stars: FUORs) and smaller outbursts (EX Lup 
stars: EXORs), probably originating from some kind 
of instabilities in the circumstellar disk (e.g. Kawazoe, 
Mineshige 1993). Outbursts of these objects were occa- 
sionally followed by the VSNET Collaboration. The best 
example was the 1995 outburst of VI 143 Ori (Baba ct al. 
in preparation). Outbursts of VI 118 Ori have also been 
occasionally reported (e.g. Hayakawa et al. 1998). 

Among pre-main sequence stars, Herbig Ae/Be stars 
have been one of the best observed objects by VSNET 
members. The recent discovery of a likely Herbig Ae/Be 
star with large-amplitude variation, MisV1147, has been 
widely studied through the VSNET (M. Uemura et al. 
in preparation). Other objects of this class, well observed 
and timely informed through the VSNET, include UX Ori, 
RR Tau, CQ Tau, AB Aur, RZ Psc and WW Vul (see 
figure 15). Remarkable variations in these objects have 
been relayed through a dedicated list of pre-main sequence 

vsnet-campaign-bc / maillist.html) . 
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Fig. 15. Complex light curve of the Hcrbig Ae/Be star RR Tau from VSNET observations. 



variables, vsnet-orion,^^ and utilized for detailed follow- 
up studies. 

6.11. Peculiar Variable Stars 

Some peculiar (or unique) variable stars were also 
studied by the VSNET Collaboration. The most strik- 
ing objects include V651 Mon (the central star of the 
planetary nebula NGC 2346). This binary system con- 
taining a B-type subdwarf underwent a totally unex- 
pected fading in 1981-1985 (for a summary of this event, 
see Costero et al. 1986). Although no similar phe- 
nomenon was recorded in the century-long past photo- 
graphic records, the object underwent another unexpected 
fading episode in 1996-1997. This phenomenon was de- 
tected by Danie Overbeek, and immediately reported to 
the VSNET (vsnet-alert 548).^^ Following this announce- 
ment, Kato et al. (2001e) succeeded in recording the phe- 
nomenon in detail. There was a sharply defined transient 
clearing (brightening) even during this fading, which was 
ascribed to a sharply defined, small (several times ~10^-'^ 
cm) lucent structure within the obscuring body. See figure 
16 for the recent light curve. 

6.12. Pulsating Variables 

Although pulsating variables were only occasionally se- 
lected as intensive targets of the VSNET Collaboration, 
the VSNET public data archive (cf. figure 17), as well as 
the VSOLJ database, have been frequently used in period 
analysis, and correlation studies with other observational 
modalities. These references to the VSNET/VSOLJ data 
have been so numerous that we only list most recent ones: 
historical archive for /x Cephei (Skiff 2001), evolution of 
R Hya (Zijlstra, Bedding 2002), dust formation in L2 
Pup (Bedding et al. 2002), possible chaotic behavior in 
R Cyg (Kiss, Szatmary 2002), period determination of 
V648 Oph (Kazarovets, Pastukhova 2002), non- variability 

®* (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-orion/ 
maillist.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnet-alcrt/ 
msg00548.html>. 



of EK And (Yoshida et al. 2003), and period variation in 
T UMi (Szatmary et al. 2003). 

Numerous new variable stars reported in vsnet-newvar 
(subsection 5.2) have been studied in detail, and have been 
reported in a numerous number of papers published in 
Information Bulletin on Variable Stars (IBVS). 

p Cas, originally classified as a yellow semiregular vari- 
able, is now considered to be a low-temperature coun- 
terpart (yellow hypergiants: de Jager 1998; Israelian 
et al. 1999; de Jager et al. 2001; Stothers, Chin 2001) 
of the extremely luminous hot hypergiants (luminous 
blue variables: LBVs). This object occasionally under- 
goes temporary optical fadings caused by huge mass- 
loss events, usually once in decade(s) (figure 18). The 
most spectacular recent event occurred in 2000 (Lobel 
et al. 2003). Independent detections, including that by 
one of the authors (TK), of this phenomenon were cir- 
culated through the VSNET (vsnet-alert 5186, 5187),^^ 
which enabled first dense optical coverage of this kind 
of phenomenon. Upon recognition of the astrophysical 
significance of this event, we set up a dedicated mailing 
list vsnet-campaign-rhocas in 2000 August. These obser- 
vations have provided the primary resource on this rare 
event, and are referenced on Lobel's dedicated page on p 
Cassiopeiae.^* In 2003 there was a small signature of a line 
variation similar to the precursor event in 2000. This news 
was widely announced through vsnet-campaign-rhocas and 
the object has been intensively observed. 

6.13. Eclipsing Binaries 

Although classical (other than CV-type or symbi- 
otic type) binaries are usually not intensive targets 
for the VSNET Collaboration, there have been sev- 
eral calls for observations, particularly for long-period 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/alcrt5000/ 

msg00186.html) and (http://www.kusastro.kyoto-u.ac.jp/ 

vsnet/Mail /alcrtSOOO /msg00187.html) . 
^'^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 

vsnet-campaign-rhocas / maillist . html) . 
'^^ (http:/ /cfa-www. harvard.edu/~alobel/). 
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Fig. 16. Light curve of V651 Mon from VSNET observations. 
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Fig. 17. Light curve of the RV Tau-type star R Set from VSNET observations. 
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Fig. 18. Light curve of p Cas from VSNET observations. 
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eclipsing binaries (e.g. OW Gem, EE Cep). Visual 
and CCD/photoelectric observations, as well as compari- 
son star sequence information, have been exchanged on 
VSNET lists. The discovery of eclipses in the bright 
naked-eye star S Velorum was one of the breaking news 
mediated through the VSNET (see also Otero et al. 2000). 
A dedicated list for 6 Velorum observations has been set 
up, vsnet-campaign-deltavel.^^ 

The VSNET runs dedicated lists on eclipsing binaries, 
vsnet-ecl^'^^ which are now recognized as one of world- 
wide networks exchanging information in eclipsing bina- 
ries. Kazuo Nagai (VSOLJ) has been summarizing the 
times of minimum of eclipsing binaries reported to vsnet- 
ecl. 

6.14. Blazars 

Blazars (BL Lac objects and optically violently vari- 
able quasars) are also one of the targets of long-term and 
intensive observing campaign. Wc run a dedicated list 
vsnet-campaign-blazar^'^^ for exchanging information on 
blazar activities and upcoming collaboration with other 
world-wide blazar groups. From the very establishment 
of the Whole Earth Blazar Telescope (WEBT: Villata 
et al. 2002b), we have been continuously in collabo- 
ration with this group. 

In addition to continuous visual monitoring campaigns 
on strongly active blazars, such as OJ 287, Markarian 421, 
3C 279, quick electronic circulation and prompt feedback 
via the VSNET discussion group led to the notable dis- 
covery of unexpectedly large, short-term intranight vari- 
ation of BL Lac in 1997.^'^'^ This intensive observation 
was initiated by a report of a bright state of BL Lac in 
lAUC (Mattox et al. 1999), which initially revealed "out- 
bursts" every five to ten days. Following this stage, the 
object entered a more active phase in mid-July to early 
August. During this stage, real-time comparisons of vi- 
sual observations through the VSNET discussion group 
revealed substantial discrepancies depending on observers' 
longitudes. These discrepancies, which were much larger 
than what had been recognized as blazar microvariability, 
were initially considered as a result of an inhomogcneous 
magnitude system. This possibility was soon disproved 
by the real-time distribution of the modern photoelectric 
comparison star magnitudes. By the end of 1997 July, the 
incredible short-term variation (0.8 mag in four hours) in 
BL Lac had become a doubtless phenomenon. 

In response to these visual observations, the Kyoto 
University team obtained long time-resolved CCD pho- 
tometry at Ouda Station, revealing the unprecedented 
complexity and fast variation in the light curve. A simi- 
lar conclusion was reached with time-resolved CCD pho- 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 
vsnet-campaign-deltavel / maillist . html) . 
^^'^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/vsnct-ccl/ 
maillist.html). 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/ 
vsnet-campaign-blazar / maillist . html) . 
(http:/ /www. to. astro.it/blazars/wcbt/). 

(http: / /www. kusastro.kyoto-u.ac.jp/vsnct/BLLAC/bllac. html). 



tometry by Tonny Vanmunster, which was also rapidly 
communicated via VSNET. The variation has a power- 
law temporal properties, analogous to those of AGN vari- 
ability (although the variation in BL Lac was much more 
violent and rapid), which can be tracked down to five min- 
utes. This is one of the shortest time scales ever recorded 
in blazar optical variation (Matsumoto et al. 1999). The 
early results by the VSNET team were presented at the 
23rd lAU General Assembly held in Kyoto held in 1997 
August. 

Since then, several studies have been performed in col- 
laboration with the WEBT (Ravasio et al. 2002; Villata 
et al. 2002a). Long-term light curves of selected blazars 
from VSNET observations have been widely used for cor- 
relation with multiwavelength data. 

6.15. Gamma-Ray Bursts 

The VSNET collaboration team has tried to search op- 
tical afterglows of GRBs and reported their detection or 
upper-limits of magnitudes. Earlier announcements of 
Beppo Satellite per Astronomia X (BeppoSAX) GRB de- 
tections were reported to vsnet-alert. Since 2000 June, we 
set up a dedicated list for GRB announcements {vsnet- 
gj-lf^ wi ^jj^jg mailing list is currently employed to dis- 
tribute satellite-borne alerts, as a secondary distribu- 
tion node of the GRB Coordinates Network (GCN).!"^ A 
public mailing list vsnet-grb-info,^'^^ originally extended 
from vsnet-grb, currently provides GCN Circular infor- 
mation as well as our own observations by the VSNET 
Collaboration. Table 3 summarizes our own GRB after- 
glow observations (not all observations are listed), which 
is an extension of table 1 in Yamaoka et al. (2003b). See 
the corresponding GCN Circulars for more details. 

Here we summarize our significant detections and their 
importance in GRB astronomy: 

GRB010222: Our observation of the afterglow of 
GRB010222 covered a period around the jet break 
(Uemura ct al. 2001a). This is the first detection of the 
GRB afterglow in Japan. This observation encouraged 
observers having small telescopes in Japan to try obser- 
vations of GRB afterglows. 

GRB020331: We succeeded in observing an early after- 
glow with i?c = 17.9 (17.5-18.7; 1-cr limits) 64 min after 
the burst (Kato ct al. 2002r). This is the earliest observa- 
tion for this afterglow. Our observation revealed that the 
light curve can be described with a single power-law from 
the early phase (~ 1 hr) of the afterglow. 

GRB021004' Owing to the prompt identification by the 
HETE-2 satclUte (Shirasaki 2002), we first revealed the 
continuous behavior of the GRB afterglow around 1 hr af- 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnct/Mail/vsnct-grb/ 

maillist.html). 

(http://gcn.gsfc.nasa.gov/). 
-'"^ (http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/Mail/ 

vsnet-grb-info / maillist . html) . 
107 "pjjg first detection with a Japanese telescope was the infrared 

afterglow of GRB000926 observed with the Subaru telescope in 

Hawaii (Kobayashi et al. 2000). 
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ter the burst (Uemura et al. 2002c; Uemura et al. 2003d). 
An early afterglow was also observed in GRB990123 (Sari, 
Piran 1999a), however, our observation covered a period 
corresponding to an observing gap of the early after- 
glow light curve of GRB990123. In the light curve of 
GRB021004, the initial fading phase was terminated by 
a short plateau phase that lasted for about 2 hours from 
0.024 to 0.10 d after the burst (Uemura et al. 2003d). 
The object then entered an ordinary power-law fading 
phase. We propose that the plateau phase is evidence that 
the maximum of the synchrotron emission from a forward 
shock region appears around 0.1 d after the burst, as 
expected from theoretical calculations (Sari, Piran 1999b; 
Kobayashi, Zhang 2003). The initial fading phase can be 
interpreted as part of the optical flash, which was recorded 
in GRB990123. If this is the case, the color of the after- 
glow would have dramatically changed from blue to red 
around the maximum, while no color information is avail- 
able in this early phase (Sari et al. 1998). Detections the 
color change in the early phase will be an important fu- 
ture step for GRB astronomy. On the other hand, the 
feature around 0.1 d after the burst can be one of a series 
of bumps observed 1 d after the burst (Nakar et al. 2003; 
Lazzati et al. 2002; Fox et al. 2003; Schaefer et al. 2003; 
Li, Chevalier 2003). 

GRB030329: The world-famous "monster GRB" 
GRB030329 (figure 19) occurred closest to us (z = 0.168), 
which gave a chance for us to study the detailed structure 



of the GRB afterglow (Vanderspek et al. 2003; Greiner 
et al. 2003; Caldwell et al. 2003). We detected a bright, 
12th-mag optical afterglow 76 min after the burst 
(Peterson, Price 2003; Torn 2003; Uemura et al. 2003f). 
With the international collaboration through the VSNET, 
we obtained an ~ 11 hr continuous light curve of this af- 
terglow (Uemura et al. 2003e). Our observation revealed 
that the afterglow experienced repetitive modulations 
even in the early phase of our observation. In conjunction 
with public data reported to the GCN Circulars, the light 
curve was rich in unexpectedly complicated structures 
throughout ^ 6 days after the burst. It is a surprise 
that the amplitude of modulations was almost constant 
with time. This feature of modulations is difficult to 
be understood with density variations of the interstellar 
medium (Nakar et al. 2003). The energy in the shock 
region must have changed with time, while the mechanism 
to generate additional energy is an open issue (Uemura 
et al. 2004b). The VSNET team also contributed to a 
another collaborative work on the earliest stage afterglow 
(Torn ct al. 2003). 

7. Conclusion 

Variable Star Network (VSNET) is a global 
professional-amateur network of researchers in vari- 
able stars and related objects, particularly in transient 
objects, such as cataclysmic variables, black hole binaries, 
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Fig. 19. Fading afterglow of GRB030329. The images were taken by the VSNET Collaboration. The individual images (from left 
top to right bottom) correspond to 1.27, 3.37, 8.18 and 28.65 hr after the gamma-ray burst. 



supernovac and gamma-ray bursts. The VSNET has 
been playing a pioneering role in establishing the field of 
transient object astronomy, by effectively incorporating 
modern advance in observational astronomy and global 
electronic network, as well as collaborative progress in 
theoretical astronomy and astronomical computing. The 
VSNET is now one of the best-featured global networks 
in this field of astronomy. We review on the historical 
progress, design concept, associated technology. We also 
review on the breathtaking scientific achievements, as 
well as regular variable star works, particularly focusing 
on dwarf novae (discovery of ER UMa stars, works in WZ 
Sge-type dwarf novae, more usual SU UMa-type dwarf 
novae, eclipsing dwarf novae), black hole X-ray transients 
(discoveries of an unexpected violent outburst of V4641 
Sgr, rapid optical variations from the same object), and 
recent achievements in gamma-ray bursts. 
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Appendix 1. Poster Presented at the 23rd lAU 
General Assembly 

Development of a Mailing List on 
Variable Stars, VSNET 

(Daisaku Nogami, Taichi Kato, 
Hajime Baba, Chatief Kunjaya) 

Abstract 

As the computer environment has been developing dras- 
tically these years, the style of astronomical study has 
been changed. The key words of these changes are thought 
to be "real-time" and "interactivity". Suspecting that 
they have potential to made an great effect on the study of 
transient objects (cataclysmic variables. X-ray binary, su- 
per novae, and so on), we set up the mailing list, VSNET, 
in 1994. Our poficy on VSNET since the start is that 
VSNET is world- widely opened to any kinds of researchers 
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including professionals and amateurs, observers and the- 
orists. Subscribers have increased as time goes and now 
are over 400 from over 40 countries. Although VSNET 
started as a mailing list, it at present consists of five sub- 
maling lists, vsnet: vsnet-alert, vsnet-obs, vsnet-chat, and 
vsnet-chart, and each of these lists works independently 
for different purposes. Using the different characteristics 
of these sub-lists to advantage, various types of study have 
been proposed and carried out. VSNET will be devel- 
oped further with cooperation of subscribers. If you have 
any comments or questions, please feel free to contact 
with VSNET administrators (vsnet-adm@kusastro.kyoto- 
u. ac.jp). 

Introduction 

The computer environment is making remarkable 
progress with development of the infrastructure and the 
machine power. The World-Wide Web (WWW, Berners- 
Lee et al. 1992) is explosively coming into wide as well, 
redrawing the common sense on the information distribu- 
tion. 

These have an great affect on the astronomical study, 
for example, 1) the complicated rapid control of telescopes 
(adaptive optics, etc.) becomes possible, 2) the scale of 
simulations are getting much larger, 3) editors of various 
journals encourage the electronic submission, 4) the elec- 
tronic publication of papers on WWW or by CD-ROM is 
discussed and partly realized , 5) lAU circulars are dis- 
tributed by e-mail, 6) preprints are usually distributed 
by e-mail or on web pages (e.g. http://www.lanl.gov, 
Ginsparg 1996), 7) the search of papers has become quite 
easy by the foundation of the Astrophysics Data System 
(NASA, Accomazzi et al. 1995), and so on. 

The key words of this revolution are thought to be "real- 
time" and "interactivity" . 

Is there a possibility for these characteristics to be 
quite useful in the study of transient objects? We had 
an eye on the mailing list since the system makes it 
possible to share much information among much peo- 
ple quite quickly and can be used interactively by much 
people. Then, in July 1994, we started a mailing list, 
VSNET (vsnet@kusastro.kyoto-u.ac.jp), mainly on cata- 
clysmic variables, supernovae. X-ray binaries, and so on, 
with a policy that we aim to make a contribute to the as- 
tronomical community by providing a mechanism to make 
information shared and a room to discuss all aspects of the 
astronomy concerning those transient objects among sub- 
scribers from all over the world irrespective of the status 
(an amateur or a professional), the style of astronomical 
study (an observer or a theorist), and other properties. 

History of VSNET 

The first member of VSNET is several tens 
of amateurs belongs to amateur associations (The 
American Association of Variable Stars (AAVSO, 
see http://www.aavso.org/). Association Frangaise des 
Observateurs d'Etoiles Variables (AFOEV) , Variable Star 
Observer League in Japan (VSOLJ), and so on) and a few 
tens of professionals. Subscribers, then, have increased by 



mouse-to-mouse advertising and our invitation to authors 
of papers in astronomical journals. Now the number of 
subscribers from about 50 countries exceeds 400, which 
means that major part of researchers in this field has al- 
ready subscribed. 

At first, all e-mails other than administrative ones 
for subscription and unsubscription were distributed to 
all subscribers. However, accepting a request mainly 
from theorists that they do not need daily data but 
want to know final results deduced from observations, 
we modified the system of VSNET to divide VSNET 
to three sub-mailing lists in October 1994, 1) vsnet- 
obs (vsnet-obs@kusastro.kyoto-u.ac.jp) for reporting daily 
observations, 2) vsnet-alert (vsnet-alert@kusastro.kyoto- 
u. ac.jp) for alert on the discovery of supernovae, novae, 
rare outbursts, discovery of new variable star, dramatic 
change of known variable stars, and so on, and 3) vs- 
net (vsnet@kusastro.kyoto-u.ac.jp) for the general infor- 
mation not suited for the former two lists, for example, 
complied data, finding charts, preprints, calls for observa- 
tions for international co-observation campaigns, and so 
on. 

In order to refer to an old log correctly, serial numbers in 
the subject were added as [vsnet-obs 1997] since January 
1995. 

In June 1995, the VSNET Web pages 
(http: / /www. kusastro.kyoto-u.ac.jp /vsnet /) were 
opened. You can see all articles ever posted to VSNET on 
WWW. You can see light curves drawn from observations 
distributed via vsnet-obs in the recommended format, 
too. The most important results among vsnet-alert logs 
and public information like conference announcement 
are gathered on the top page almost daily up-dated. 
Many useful tools developed and provided by various 
groups are available on the pages as well. At the 
same time we started VSNET anonymous ftp service 
(ftp.kusastro.kyoto-u.ac.jp/vsnet/) where you can get 
objects almost same as on WWW. 

In January 1997, we made an addition of a new sub- 
mailing-list of vsnet-chat (vsnet-chat@kusastro.kyoto- 
u. ac.jp) in order to discuss various subjects. Though 
VSNET was used nearly only for distribution of infor- 
mation, this modification widened the usage of VSNET. 

Having the background as mentioned here, VSNET at 
present consists of four sub-mailing-lists (vsnet, vsnet- 
alert, vsnet-obs, and vsnet-chat) as well as VSNET Web 
pages and anonymous ftp service. However, one of the 
sub-lists, vsnet, is now closed, since commercial informa- 
tions never related to astronomy, so-called SPAM, were 
posted again and again. This type of problem, although 
common to all mailing lists, is hard to completely solve. 

The number of e-mail posted to vsnet-obs, vsnet-alert, 
and vsnet-chat is 20-40, a few, ~5 per day, although 
changing from day to day. 

Tables show several e-mails posted to VSNET andf ig- 
ures show light curves available on WWW. 
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VSNET: Now and Future 

The major usages of VSNET are 1) to forecast the be- 
havior of variable stars from daily observations available 
via vsnet-obs and plot a strategy of the observation, 2) 
to check the status of a variable star in optical on vsnet- 
obs at the time of the observations in UV or X-ray, 3) to 
publish new results on vsnet-alcrt (discoveries of super- 
novae, determination of supcrhump period in SU UMa- 
type dwarf novae, and so on), 4) to call the follow-up 
observations of transient objects detected in UV or X-ray, 
5) to call the co-operation for international co-observation 
campaigns, 6) to notify conferences newly held, 7) to dis- 
cuss various subjects ranging from the first step of the 
observation to theoretical interpretations of new interest- 
ing phenomena, and so on. For reference, tables list a 
part of subjects of e-mails posted to VSNET. These us- 
ages would be born in the active environment under the 
complex of "real-time", "interactivity", and the VSNET 
policy. 

In addition, new original applications of VSNET are 
appreciated all time, and, actually, will be proposed. We, 
VSNET administrators, would be much glad if studies 
completed on use of VSNET contribute to the progress 
of astrophysics. If you have any questions, requests, 
and suggestions, please do not hesitate to communicate 
with VSNET administrators (vsnet-adm@kusastro.kyoto- 
u. ac.jp). 

Part of this work was supported by a Research 
Fellowship of the Japan Society for the Promotion of 
Science for Young Scientists (D.N.). 
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Appendix 2. VSNET Data Reporting System 

As described in subsection 2.1, the VSNET data han- 
dling, database managing, and data analysis tools are 
mostly common to the ones developed for the VSOLJ 
database project (Kato 1990a), and later adapted for 
wider range of observations. The programs were origi- 
nally written for microcomputers running on MS-DOS"'"'^, 
and later ported to Linux. The following information is 
mainly an excerpt from Kato (1990a), partly rewritten for 
the recent changes for the VSNET management. 

A. 2.1. Electronic Format of Observations 

The VSNET reporting format is an UT extension of 
the VSOLJ electronic reporting format, whose design was 
established in 1987. The standard format VSNET obser- 
vations are composed of lines separated by new-line char- 



acters. Since a full description of the format used in these 
data or files may not be necessary to all readers, the min- 
imal requirements to interpret the data which arc made 
available through the VSNET World-Wide Web service. 
Each line contains the following items. 

(a) Name of the object 

(b) Time of the observation in decimals of UT 

(c) Observed magnitude 

(c') Magnitude system (CCD/photoelectric) or film and 
filter (photographic) 

(d) Observer's code 

These items were designed to express original observa- 
tions as exactly as possible (mainly in terms of significant 
digits). Comparison stars, charts used, or any other text 
information can be written as a comment following the 
item (d); they are usually used for future reference or ex- 
amination, and not directly used at present in the VSNET 
regular database management. 

Each item is separated by one or more space charac- 
ters (ASCII code 20 in hexadecimal) and does not contain 
spaces within the item. 

(a) Name of the Object 

This is an identifier for the object. If the name is unique 
enough to discriminate the object from other celestial ob- 
jects, any expression is basically allowed; the use of the 
names listed in the General Catalogue of Variable Stars 
(GCVS), Beyer names, numbers in the New catalogue 
of Suspected Variable Stars (NSV) , and Durchmusterung 
numbers (BD, CD, CPD), however, is strongly recom- 
mended. When there is no specific relevant catalog, the 
use of GSC and USNO identifier can be used. 

For GCVS and Beyer names, three-letter lAU code of 
constellation (in upper-case letters) precedes the name of 
the star in the constellation. Greek letters are written in 
the standard English expressions. 

Examples: ANDR for R And, 

ORIalpha for Betelgeuse (a Ori) 

Translation of reported names into standard expres- 
sions, when necessary, is performed either automatically 
or manually using the ALIAS database. This process par- 
ticularly becomes necessary when new GCVS names are 
released in the form of regular name-list updates, or when 
a new GCVS designation is given for a new nova. All 
the name translation rules are centralized in the ALIAS 
database and reflected on the entire VSNET system, elim- 
inating additional efforts to modify individual observation 
reports or expressions in VSNET circulars. This is an 
great advantage of the VSNET database managing pro- 
cess, and a newly released name-list update (containing 
some hundreds of newly designated variable stars) can be 
usually reflected within a day of the release. Observers are 
allowed to continue using the old expressions as long as the 
expressions can be uniquely and automatically translated 
into the new expressions. 
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(b) Time of the Observation 

In order to facilitate detecting errors by eye, times are 
expressed in the following decimal format using UTC. 

Example: 20030701.123 (2003 July 1.123 UTC). 

No heliocentric or barycentrie corrections are intro- 
duced at this stage. The conversion to TAI or TD (in 
any expression including Julian Date), or helio-(or bary- 
)centric corrections are left to data analysis software and 
users. These measures are partly because widely used 
software packages at the observer's end are known to fre- 
quently contain problems. The other reason is that leap 
seconds do not allow to distribute fixed tables for conver- 
sion beforehand. 

(c) Observed Magnitude 

Decimal points are explicitly used to show the signif- 
icant digits. Upper limit observation (non-detection) is 
expressed by a prefix '<'. Expression may be followed by 
one of ':' or '?' to show uncertainty. 

(c') Magnitude System, Film and Filter 

If the observation is visually performed, this item is 
not necessary. Otherwise, the code of the magnitude sys- 
tem (or the film and the filter if the observation is done 
photographically) follows the item (c) without placing a 
space. Well-defined standard photoelectric systems (e.g. 
Johnson-Cousins U, B, V, Rc, Ic, Rj, Ij) systems are used 
as in usual sense. Other VSNET-specific codes include 
"C" (unspecified unfiltered CCD magnitude), "CR" (un- 
filtered CCD magnitude calibrated on _Rc-band) and "p" 
(unspecified photographic magnitude). The complete list 
of the codes representing the films and filters at present is 
available at the VSNET website. 

Example: <15.5Rc (fainter than 15.5 in i?c-band) 

(d) Observer's code 

The code is usually a three-letter code, as canoni- 
cally used by the American Association of Variable Star 
Observers (AAVS0)i°9 and the VSOLJ. The code may be 
immediately followed by a period mark ('.') and the or- 
ganization code. When there is no fixed affiliation for the 
observer, the VSNET manager group issues a code, which 
scheme also enables archiving historical or literature ob- 
servations. 

With this format, each line of observation has all infor- 
mation in itself; any operation of moving lines in a data file 
(such as sorting) does not affect the properties of the data. 
The above design of electronic data has greatly facilitated 
overall aspects of the following electronic data manage- 
ment, and this pioneering concept has been taken over by 
a number of world-wide variable star organizations. 

{http://www.kusastro.kyoto-u.ac.jp/vsnet/etc/format.html). 
-'-"^ (http://www.aavso.org). 



Appendix 3. Design of the VSNET Database 

Most of programs are written in the language C, 
and were originally compiled with Turbo-C (Borland 
International). Many of machine- independent source 
codes (handling text-based data) can be compiled 
by ANSI C (ANSI X3.159) compilers (such as gee) 
without much correction. In the actual VSNET 
database management, these codes are either compiled on 
Windows'^^/DOS personal computers, or Linux worksta- 
tions. Most of the text-based works are currently done on 
Linux workstations. 

Besides storing original data as text files (as reported 
in vsnet-obs), they are also incorporated into an observa- 
tional database in rewritable media allowing random ac- 
cess. Several interesting graphic programs and data anal- 
ysis programs run in this mode. The maximum number of 
observations handled at one time depends only on capac- 
ity of the media and the addressing capacity of the oper- 
ating system. For example, we now handle dynamic and 
random access to the entire VSNET observations, con- 
sisting of more than 1.2 million visual observations ('^130 
MB) of randomly accessible data, and we have registered 
more than 1.3 million CCD observations submitted to the 
VSNET Collaboration. We have also confirmed that a 
combination test of the VSNET, VSOLJ and AFOEV 
public data (about 3 million observation) has yielded sat- 
isfactory efficiency of handling a huge volume of randomly 
accessible data. 

In addition to the observational database, there also ex- 
ist other system databases including VARTYPE (database 
on individual variable star types), and ALIAS (name re- 
solver database). A programmer on this system can in- 
quire these databases for the type of variability or the 
standard expression of the name for the object specified 
by a given identifier. 

A. 3.1. Structure of the Database 

Because the number of the data or the objects is very 
large, and both random and sequential accesses are neces- 
sary for easy operation on the light curves, we adopted the 
combination of B-|-tree and bidirectional linear list. This 
basic structure of the database was originally established 
in 1989 to fully incorporate the VSOLJ database. 

Complete data of observations (other than remarks) are 
stored in a file equivalent to an index file of an relational 
database, and there is no need for reading an additional 
data file. The size of a storage block is 16 kilobytes, 
but this can be modified upon different compilation. The 
main memory is dynamically allocated to simulate a vir- 
tual memory in order to minimize access to the storage 
media. With this feature, the main database module only 
requires an order of a few hundreds of megabytes of ac- 
tual memory. The kernel of the database module is writ- 
ten transparently to the upper modules, so upper modules 
have only to pass the key or the virtual address to the ker- 
nel to inquire the next or the previous data. The modules 
are written to enable simultaneous handling of multiple 
databases (e.g. observational database and VARTYPE) 
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without interference. The database functions are prepared 
as a form of C-language based appHcation interface (API) , 
but we skipped the details of individual APIs because they 
are too technical to be presented in this paper. 

A. 3. 2. Basic Command Operations 

Basic user operations to the database can be performed 
by command-line tasks on MS-DOS"'"'^ or Linux. The 
most frequently used and basic commands include: 

inittree creates a new database. 

mrg merges a text file to a database, 
vdel deletes data specified by a text file from a database, 
vmrg merges an observational data file in the standard for- 
mat to the observational database, and lists poten- 
tial errors by referring to the previously registered 
data and VARTYPE database, 
vcut lists data of a given object for a given chronological 
period. 

vren replaces an identifier for an object by another, 
vlist lists all data in a database, 
liststar lists all stars in a database. 

seltype selects data from a text file by specifying types of 
variability, by referring to the VARTYPE database. 

chknew checks observation data file if they contain newly 
reported objects by comparison with the existing 
observational database.. 

chkstd checks observation data file for grammar, and lists 
discordant data and potential errors by referring 
to the previously registered data and VARTYPE 
database. 

looktype returns the variable star type by referring to the 
VARTYPE database, 
settype sets or modifies the variable star type in the 
VARTYPE database, 
calias converts a variable star name to the standard name 
by referring to ALIAS database, 
alias sets or modifies the entry in the ALIAS database 
(this command has a different name on Linux be- 
cause of the collision with the shell built-in com- 
mand) . 

Most basic operations on the VSNET data are done 
with these basic commands, and are frequently used as a 
combination regulated by a shell script. 

A. 3. 3. Data Analysis Application Programs 

Most of these programs use a GUI. These packages are 
architecture-specific, and presently run in limited envi- 
ronments (e.g. NEC PC 9801 machines), although efforts 
have been taken to port these applications to Windows"'"'^ 
operating system, or to write an equivalent wrapper GUI 
applications written in Java"^'^ . Figure 20 shows a sample 
image by grp interactive light curve viewer program. 



grp displays light curves, and enables interactive zoom- 
ing, data selection, data editing, 
autogrp displays and prints light curves automatically. An 
equivalent package written in Java""""^ is presently 
used to produce VSNET online light curves. 



circ automatically produces VSNET CV Circulars. 

A. 3. 4- Data Processing 

Besides drawing light curves, there also exist several 
kinds of scientific data-analysis programs. Some require 
databases and others require only data files in the text 
format. A few samples are shown here. Many of the 
general-purpose programs (mostly with source codes) are 
available from the VSNET website "Tools and Programs" 
section. 

Heliocentric and Barycentric Corrections 

We have implemented both conventional heliocentric 
corrections for the observed JDs, by using the well-known 
Newcomb's expansion of the planets. We have also imple- 
mented barycentric corrections by numerically integrating 
the DE 200 ephemeris produced by NASA. The original 
source code of the DE 200 ephemeris was imported from 
a software package written by Mr. Novas. 

Period Analysis Tools 

We have our own implementations of Discrete Fourier 
Transform (DFT), Phase Dispersion Minimization (PDM: 
SteUingwerf 1978), Discrete Wavelet Transform (DWT: 
Foster 1996) and other period analysis tools. The PDM 
package was ported to Windows"'"'^ by Andreas Wijaya, 
and has been conveniently used by many users. 

CV Circulars 

CV Circulars were originally prepared monthly and is- 
sued by the VSOLJ, from the observations reported by the 
end of the next month. In the modern VSNET service, 
these circulars are issued almost daily to fully incorpo- 
rate the daily changes in the rapidly varying CVs. The 
corresponding list is vsnet-cvcirc}^^ 

CV Circulars contain information about all reported 
outbursts and standstills of dwarf novae in the form of 
nightly averages, and nightly averages of other peculiar 
objects (CVs other than dwarf novae, X-ray binaries, sym- 
biotic variables, eruptive variable such as R CrB stars, S 
Dor stars, FU Ori stars, and supernovae, active galactic 
nuclei and other objects of special interest). 

Unpredictable variations of brightness of these objects 
make it extremely difficult to check observations as au- 
tomatically done for pulsating variables. Together with 
faintness of these objects (which implies existence of large 
number of negative observations), cross checks between 
different observers are indispensable. 

The present program circ, referring to a list of more 
than 1000 objects containing their properties (type of vari- 
ability, normal range of variation, ephemerides of eclipses 
etc.), checks all observations using databases. The list is 
updated by the editor whenever new information becomes 
available in order to maintain circulars up-to-date. 

(http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/ctc/prog. html), 
(http:/ /www. kusastro. kyoto-u.ac.jp/vsnet/Mail/vsnet- 
cvcirc / maillist . html) . 




Variable Star Network 



--nL ■ — -iT- 



■■iflc--j ■ . JUT'-.v ^ r- 
■ ■. fi 'ar I 

: -ILW^ 




Fig. 20. Sample image by grp interaetive light eurve viewer program. The light curve is BL Lac from VSNET observations. White 
and red marks represent positive and upper limit observations, respectively. The program enables interactive GUI-based operation 
on photometric database constructed on the database engine described in Appendix 3.1. 



The results arc then listed as a file in the prototypical 
form of CV Circulars, containing the reports of potentially 
discordant data (or rapid intrinsic changes) with special 
marks. The present version can handle more than tens 
of thousands of observations per month, and produces a 
circular in a minute. 

The same program, slightly modified to produce long- 
term averages, is used to produce VSNET Mira Circulars 
vsnet-miracirc.^^'^ 

Appendix 4. Chart-Plotting and Star 
Identification Program 

When identifying variable stars and locating the CCD 
field of view, chart-plotting and star identification pro- 
grams are very useful, particularly when the network re- 
source was unavailable. For this purpose, one of the au- 
thors (TK) developed in 1990 a chart-plotting computer 
program, when machine-readable Guide Star Catalog 
(CSC) 1.0 (Lasker et al. 1990) was released. The program 
was designed to run on a stand-alone personal computer 
running on MS-DOS™ non-extended (less than 640 KB) 
memory. 

Since the distribution form of CSC 1.0 was composed of 
huge ASCII tables on two CD-ROMs (1.2 GB), and since 

(http:/ /www. kusastro. kyoto-u.ac.jp/vsnet/Mail/vsnet- 
miracirc / maillist . html) . 



the objects were randomly arranged within individual files 
covering 2-3 degrees square, it was an absolute require- 
ment to compress these data and make them quickly and 
randomly accessible. In this software, we subdivided the 
entire GSC data into 0.5 degree bins in declination, and 
sorted the objects within the same bin according to right 
ascension. In order to compress the data, we used bi- 
nary files which can be directly mapped in C structure. 
In order to avoid redundancy in right ascensions and en- 
able quick random access, we used a separate jump table 
which records the file positions of given coordinate meshes. 
Individual entries in the 0.5-deg bins only contain resid- 
uals to the mesh coordinates. In original compression of 
GSC 1.0, each catalog entry corresponded to 5 bytes. By 
combining the information of coordinate mesh in the jump 
table and the individual entries, one can obtain the fully 
decoded coordinates. These functions (including sequen- 
tial reading functions of a given box) were implemented as 
transparent APIs, many of which were designed to take a 
pointer to the display function as a call-back function. 
With this compression, the entire GSC 1.0 (disregard- 
ing the object names, plate numbers) can be compressed 
into 100 MB. This program was one of the earliest chart- 
plotting software packages that used GSC as source cat- 
alogs and implement encoded compressed catalogs, and 
the design was taken over in various successive third-party 
applications. The program is also able to display GCVS 
and NSV variable star catalogs, and IRAS PSC objects, 
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which were compressed in a similar manner employed in 
GSC compression. 

The program was later updated to accommodate GSC 
1.1 (Lasker ct al. 1996) and USNO Al.O (Monet et al. 
1998a) catalogs in 1998, and other catalogs (with variable- 
length object labels). With the increase of capacity of 
storage media, the present version uses 12 bytes for one 
GSC 1.1 full entry and 8 bytes for one USNO Al.O entry. 
With this compression method, the entire USNO Al.O 
data (more than 4.8x10* objects) can be stored in 4 GB 
storage and can be quickly and randomly accessed. The 
present version is equipped with a function to handle the 
2MASS point source catalog in the same manner. The 
program also handles a name resolver by using the same 
database engine described in Appendix 3.1. The entire 
program is presently ported to Windows"^^ and Linux 
using xlib graphic library (see figure 21 for an example). 
With this program and APIs, one can very quickly identify 
new and known variable stars either interactively or in a 
batch. Online VSNET charts with Hipparcos and Tycho 
magnitudes (subsection 2.2) have been prepared with this 
software operated in a batch mode. The object databases 
have been regularly updated, especially when a name lists 
for new variable stars is released. The source codes are 
available upon request to the author. 
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